
Econ 205 
Continuous Random Variables and 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 

• 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

• 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 



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
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Content of this presentation
• Continuous Random Variables and Probability 

Distributions
• The Gamma Distribution

• The Exponential Distribution

• The Chi-Squared Distribution

• The Weibull Distribution

• The Lognormal Distribution

• The Beta Distribution

• Chebyshev’s/Tchebysheff’s inequality/theorem

• Examples



The Gamma Distribution - 1

Definition:

Properties:

Definition:

α is called the shape parameter. β is called the scale 
parameter.

Proposition:



The Gamma Distribution - 2
Proposition: Definition:

Proposition:

for t<
1

β

For the second equality, note that 

1)0<u<x iff 0<βy<x iff 0<y<
𝑥 

β
 and 2) du= βdy



The Exponential Distribution -1  

Proposition: 
The mean and the variance of the exponential distribution are:

Definition: The cdf of the exponential distribution is:



The Exponential Distribution -2  

Proposition: 

Verification for the time X1 until the first event occurs:



The Chi-Squared Distribution   

Definition:



The Weibull Distribution - 1   
Definition:

Proposition: 
The mean and the variance of the Weibull distribution are:

(4.11)

(4.12)



The Weibull Distribution - 2   



The Lognormal Distribution   
Definition:

Proposition: 



The Beta Distribution   

Definition:

Proposition: 
The mean and the variance of the beta distribution 
are: 



Chebyshev’s/Tchebysheff’s inequality/theorem
Proof:



EXAMPLES



Example 1 : The Standard Gamma Distribution 



Example 2 : The Gamma Distribution 



Example 3: The Gamma Distribution 
Prove the following using expected values: Proof:



Example 4: The Exponential 
Distribution   

The cdf of the exponential distribution is:

Recall the pdf and the cdf of the exponential distribution:



Example 5: The Weibull Distribution   
Recall
: 



Example 6: The Lognormal 
Distribution   

Recall the mean and the variance of the 
lognormal distribution:: 

Also recall:



Table A3 Devore & Berk



Example 7: The Beta Distribution 

should be “standard” beta distribution



Example 8: The Beta Distribution   
Recall the pdf, the mean and the variance of the beta 
distribution:

The mean and the variance of the beta distribution 
are: 



Examples 9-10: Chebyshev’s/Tchebysheff’s inequality/theorem

Example 9: Example 10:



Chebyshev’s/Tchebysheff’s inequality/theorem
Proof:
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