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Lecture 3

Random Variables 

and Their Properties

Statistics for 

Civil & Environmental Engineers

� Probability Mass Function � Cumulative Distribution Function
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� Distribution Functions

Discrete Random Variables
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� Probability Density Function

Continuous Random Variables
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� Cumulative Distribution Function of a Continuous RV

�

�

Continuous Random Variables
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Example 3.6: Earthquake Intensity
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Example 3.6: Earthquake Intensity

Statistics for Civil & Environmental Engineers



4

Description of Random Variables 

� Expectation and Other Population Measures

� Mean or Expected Value

In the discrete case:

In the continuous case:
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� Definition of Expectation Operator

Let X be a random variable and g(x) a function of X. The 

expectation of the function g(x) is given by

if X is a discrete variable with mass points xi and

if X is a continuous variable with pdf fX(x), provided that the 

series and the integral are absolutely convergent. 

Description of Random Variables 

� Expectation and Other Population Measures
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Description of Random Variables 

� Expectation and Other Population Measures

� Properties of Expectation Operator

E[a]= a,   for a constant a;

E[ah(X)]= aE[h(X)],    for a constant a;

E[ah1(X)+bh2(X)]=

for two constant a and b;

E[h1(X)] ≥ E[h2(X)]      if h1(X) ≥ h2(X), 

for two functions h1(x) and h2(x)
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Description of Random Variables 

� Expectation and Other Population Measures

� Chebyshev inequality

Pr[h(X)≥m] ≤ m-1E[h(X)], for every m > 0 and h(x) ≥ 0
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Description of Random Variables 

� Chebyshev inequality (cont.)
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Multiple Random Variables 

� Joint Probability Distribution(1)

� Conditional Probability Density Function

� Independent Continuous Random Variables
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� Marginal Probability Density Function

Multiple Random Variables 

� Joint Probability Distribution(2)

Schematic diagram of bivariate pdf 

represented by heights of a curved surface in 

the given ranges of the variables
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� Covariance and Correlation

� Conditional Expectation

Multiple Random Variables 

� Properties of Multiple Variables
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Assignment 2

� Chapter 2

Problems

2.1 / 2.4 / 2.8 / 2.18 / 2.23

Due date: September 29th, 2009

� Chapter 3

Problems

3.3 / 3.6 / 3.16 / 3.20
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