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GENERAL RANDOM VARIABLES 
 

Probability density function (PDF) of X  

 

   X

B

P X B f x dx    

 

In particular, the probability that the value of X falls within an interval is 

 

   
b

X
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P a X b f x dx     

 

Note that this is the area under the graph of the PDF.  
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CONTINUOUS RANDOM VARIABLES AND PDFS 
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CONTINUOUS RANDOM VARIABLES AND PDFS 
For any single value a,  

    0
a

X

a

P X a f x dx    

Therefore 

 

       P a X b P a X b P a X b P a X b            

 

legitimate PDF: 

 

  0 for every NonnegativityXf x x   

    1 NormalizationXf x dx P x




        

 

Entire area under the PDF must be equal to 1.
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CONTINUOUS RANDOM VARIABLES AND PDFS 
 

Uniform or uniformly distributed in the interval  ,a b .  

PDF: 
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CONTINUOUS RANDOM VARIABLES AND PDFS 
 

x
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The probability  P X I  that X takes value in a set I is 
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CONTINUOUS RANDOM VARIABLES AND PDFS 
 

Example 3.3 (textbook). A PDF can take arbitrarily large values.  

Consider a random variable X with PDF 
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if 0 1,
2
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As x approaches zero  Xf x  becomes infinitely large. However,  Xf x  is a 

valid PDF. Since 
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CONTINUOUS RANDOM VARIABLES AND PDFS 

Expectation 
 

The expected value or mean  

 

   XE X xf x dx




   

 

 Y g X  is also a random variable.  

The mean of  g X  can be obtained by using the expected value rule: 

 

     XE g X g x f x dx

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CONTINUOUS RANDOM VARIABLES AND PDFS 

Expectation 
 

 

 The nth moment nE X     

 

 The variance of X is defined 

         
2 2

var XX E X E X X E X f x dx




    
    

 

     
220 var X E X E X             

 

 If  Y aX b  , then 

 

         2var varE Y E aX b aE X b Y a X           
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CONTINUOUS RANDOM VARIABLES AND PDFS 

 

Expectation 
 

Example 3.4 (textbook). Mean and variance of the Uniform r.v.  

Consider a uniform random variable X, interval  ,a b .  

Find the mean and variance of X.  
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CONTINUOUS RANDOM VARIABLES AND PDFS 

Expectation 
 

Example 3.4. (Continued) 
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Therefore, the variance is obtained as  
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Exponential Random Variable 

 

PDF of an exponential random variable is given as 
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if 0,

0 otherwise

x

X

e x
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where   is a positive parameter.  

 

This is a legitimate PDF since 
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CONTINUOUS RANDOM VARIABLES AND PDFS 

Exponential Random Variable 

 

The PDF of an exponential random variable. 

 
- Note that   characterizes the PDF.
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Exponential Random Variable 
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Variance of the exponential random variable X is 
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