
Econ 205 
Continuous Random Variables and Probability 

Distributions – 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 

• 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



Table of Contents of Devore & Berk



Content of this presentation
• Continuous Random Variables and Probability Distributions

• Probability Density Functions (Pdfs) and Cumulative Distribution Functions (Cdfs)
• Continuous Random Variables

• Pdfs

• Uniform Distribution

• Cdfs

• Using F(x) to compute probabilities

• Obtaining f(x) from F(x)

• Percentiles of a Continuous Distribution

• Expected Values and Moment Generating Functions
• Expected Values of Continuous Random Variables

• Variance of a Continuous Random Variable

• Approximating the Mean Value and Variance

• Moment Generating Functions

• The Normal Distribution
• Standard Normal Distribution

• Percentiles of the Standard Normal Distribution

• Nonstandard Normal Distribution

• The Normal Distribution and Discrete Populations

• Approximating the Binomial Distribution

• The Normal Mgf

• Examples



Continuous Random Variables

Remark: There are random variables which are neither 
discrete nor continuous but instead a mixture of the 
two types.

Definition from [WMS]:
A random variable Y is continuous if its 
(cumulative) distribution function F(y) is 
continuous.

Recall:



Probability Density Functions (Pdfs)
Definition: Compare with the definitions for the discrete case:

Definition from [WMS] for the discrete case:
The probability distribution of a (discrete) random 
variable is the collection of probabilities for each 
value of a random variable. It can be represented by 
a formula, table or a graph that provides p(y)= P(Y=y) 
for all y.

Compare with the properties for the discrete case: 
1) p(x) ≥ 0 for all x
2) σ𝑥 𝑝 𝑥 = 1



Pdfs and Uniform Distribution

Definition:



The Cumulative Distribution Function (Cdf) for Continuous Random Variables
Compare with the definition for the discrete case:

Property: 

Definition:



Using F(x) to Compute Probabilities:
Compare with the Proposition for the DISCRETE case:
Let X be a discrete random variable.

Proposition:



Obtaining f(x) from F(x) :
Compare with the DISCRETE case:
Let X be a discrete random variable.

Proposition:

Obtaining the pmf from the cdf whenever cdf is available:  
For example, if the possible values of X are 0, 1, 2, 3 and 
4,
p(2) = P(X=2) = [p(0) + p(1) + p(2)] – [p(0) + p(1)] 
        = P(X≤2) – P(X≤1) 
        = F(2) – F(1)



Percentiles of a Continuous Distribution:

Definition:

Definition:



Expected Value of a Continuous 
Random Variable: Compare with the Expected Value of a discrete 

random variable X:

Compare with Expected Value of a function of a 
discrete random variable X:

Definition:

Definition:



Variance of a Continuous Random 
Variable:

Definition:

Proposition: Shortcut Formula

COMPARE WITH THE DISCRETE CASE:

Proposition: Shortcut Formula

Definition:



Expected Value, Variance and Approximating the Mean Value and Variance of a 
function of a Random Variable

Proposition:

Recall the Variance of a function of a discrete 
random variable X:

Proposition:

Proposition:

COMPARE WITH THE DISCRETE CASE:

Proof:



Moment Generating Functions - 1 

Definition:

Property:

COMPARE WITH THE DISCRETE CASE:

Property:

Definition:



Moment Generating Functions - 2

Theorem:

Sometimes, when doing the differentiation, defining 

makes the computation easier.

We can show that if the mgf exists, then

Proposition:

Proposition:

All the propositions and theorems on this slide were stated 
for discrete random variables. They also hold for 
continuous random variables. 



The Normal Distribution and The Standard Normal Distribution
Definition: Definition:



Percentiles of the Standard Normal Distribution

zα notation:



(Nonstandard) Normal Distributions
Proposition: Empirical Rule:

Proposition: Percentiles of a Normal Distribution



Approximating the Binomial Distribution 
Proposition:



The Normal Mgf
Proposition:



EXAMPLES



Example 1: Pdfs and Uniform Distribution



Example 2: Cdf F(x) 



Example 3: Cdf F(x) and using F(x) to compute probabilities



Example 4: Obtaining f(x) from F(x)

Solution:

Remark: In addition to what was asked in the 
question, the graph of the pdf f(y) can be drawn 
and it is as the following:



Example 5: Percentiles of a continuous 
distribution

Recall: The 50th percentile is called the median.



Example 6: Expected Value and Variance of a Continuous Random Variable



Examples 7-8: Expected Values, Uniform Distribution 
Example 7: Prove the following:

Proof:

Example 8: Expected Value of a function of a random variable



Examples 9-10: Expected Value, Variance, Mgf
Example 9: Expected Value and Variance Example 10: Find the mgf, mean and variance:

Recall:



Table A3 Devore & Berk



Examples 11-12: The Normal Distribution, The Standard Normal Distribution

Example 11: Let
Example 12: The Standard Normal Distribution

. Show that

Proof:



Examples 13-14: The (Nonstandard) Normal Distribution, 
     Percentiles of the Standard Normal Distribution

Example 13: The (Nonstandard) Normal distribution Example 14: Percentiles of the Standard Normal Distribution

A= 0.9332-0.6915 (from Table A3)
   =0.2417

Find the 95th percentile of the standard normal distribution.
Solution:

Using the zα notation:



Examples 15-16: Percentiles of the Normal Distribution, Approximating the Binomial Distribution

Example 16: Approximating the Binomial DistributionExample 15: Percentiles of the (Nonstandard) Normal Distribution

Recall:



Recall: Approximating the Binomial Distribution 
Proposition:
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