
Econ 205 
Transformations of Random Variables – 1



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

• Finding the Probability Distribution of a Function of Random Variables

• Finding the Joint Density Function of Two Functions of Random 
Variables

• Summary of the four methods

• Obtaining the Transformation Method using the Distribution Function 
Method 

• Examples



Finding the Probability Distribution of a Function of Random 
Variables

Consider random variables Y1 , Y2 , ….. , Yn and a function U(Y1 ,Y2 , … ,Yn ) denoted as 

U. We will introduce three methods for finding fU(U), the probability density 

function of U: 

• The Distribution Function Method

• The Transformation Method

• The Moment-Generating Function Method

The Transformation Method is obtained from the Distribution Function Method. 

 



Finding the Joint Density Function of Two Functions of Random 
Variables

Suppose that Y1  and Y2 are continuous random variables with joint density function 

fY1,Y2
(Y1 , Y2). The fourth method presented in the next slide is for finding the joint 

density function fU1,U2
(U1 , U2) of two functions of random variables U1(Y1 ,Y2) and 

U2(Y1 ,Y2 ) using fY1,Y2
(Y1 , Y2) if certain assumptions are satisfied. This fourth method 

is:

• The Bivariate Transformation Method 



Summary of the four methods



Obtaining the Transformation Method using the Distribution 
Function Method 

So we have: 



EXAMPLES



Example 1: The Distribution Function Method
A univariate example:



Example 2: The Distribution Function Method

A bivariate example:



Example 3: The Distribution Function Method
A bivariate example:



Example 3 (cont’d): The Distribution Function Method



Example 4: The Distribution Function Method

A univariate example:



Examples 5 and 6: The Transformation Method



Example 7: The Moment-Generating Function Method
Recall Theorem 5.9 from earlier:

Using Theorem 5.9 we can prove the following 
theorem and use it in this example:



Example 8: The Bivariate Transformation Method
Consider as an example a system having a component that can be replaced just once before the system itself expires. 
Let X1 denote the lifetime of the original component and X2 the lifetime of the replacement component. 

Recall:



Example 9: The Bivariate Transformation Method
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