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Chapter 4 Discrete Random variables  
A ________________ is a variable that assumes numerical values associated with the random outcomes 
of an experiment, where only one numerical value is assigned to each sample point. 
 
Example1: define random variable x = the # of heads observed when tossing two coins, 
           
X can be _________________. 
Random variable      sample points     
    x  =  ___,          {TT}    
    x  =  ___,     {HT, TH}   
    x  =  ___,          {HH} 
 
Example2: define random variable X= the number of boys in a family with three children. 
      
X can be _______________. 
  Random variable              sample points             
    x  =  ___, (no boy)            {GGG}    
    x  =  ___, (one boy)           {BGG, GBG, GGB}   
    x  =  ___, (two boys)          {BBG, BGB, GBB} 
    x  =  ___, (three boys)         {BBB} 
 
Example3. define random variable X = the sum of the two dice when tossing two dice, 
     
X can be _________________________________ 
You can list the corresponding sample points to each value of X. 

 

4.1 Two Types of Random Variables 

• Random variables that can assume a _________number of values are called _________.  
 

• Random variables that can assume values corresponding to _____ of the points contained in an 
___________are called _______________.  
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4.2 Probability Distribution for Discrete Random Variables 

• The ______________ of a discrete random variable is a ____, _____, or _________ that 
specifies the probability associated with each possible value that the random variable can 
assume. 

 
Example1: define random variable x = the # of heads observed when tossing two coins, 
         describe the probability distribution for X. 
 
X can be 0, 1, 2. 
Random variable           sample points        
    X = 0, (no heads)          {TT}    
    X = 1, (one head)        {HT, TH}   
    X = 2, (two heads)         {HH} 
 

• Probability distribution can be given by graph: 
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• Probability distribution can be given by table: 
     
 
 
 
 

• Probability distribution can be given by formula: 
 
 
 
 
 
                                                                
Example2: define random variable X= the number of boys in a family with three children, 
         describe the probability distribution for X. 
 
 X can be 0, 1, 2, 3. 
 
Random variable             sample points             
    X = 0 (no boy)           {GGG}    
    X = 1 (one boy)          {BGG, GBG, GGB}   
    X = 2 (two boys)         {BBG, BGB, GBB} 
    X = 3 (three boys)        {BBB} 
 

• Probability distribution given by table: 
 

x     
P(X= x)     

 
• Probability distribution given by Graph:  

 
 

 
 
 
 
 

• Probability distribution given by formula:  
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• Two requirements must be satisfied by all probability distributions for discrete random 
variable: 

 
 
  

Example: The following is the probability distribution of random variable X. 

x 10 20 30 40 

P(x) .15 .20 ?  .25 

 

1. What are the possible values for the random variable X?   
 

  2. What is the probability of x = 30?    
 

4.3 Expected values of discrete random variables 

 Mean or Expected value of a discrete R.V., 
 
________________________________________ 

 

Example1: The following is the probability distribution of random variable X. 

x 10 20 30 40 

P(x) .15 .20 0.40  .25 

 
Find the mean (expected value) of random variable x. 
 
 
 
Example2: A local bakery has determined a probability distribution for the number of cheesecakes it 
sells in a given day. The distribution is as follows: 
 

 
 

1. Find the number of cheesecakes that this local bakery expects to sell in a day. 
 
 

2. What is the probability that the number of cheesecakes it sells in a given day is at least 10? 
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Example3: A dice game involves rolling three dice and betting on one of the six numbers that are on the 
dice. The game costs $8 to play, and you win if the number you bet appears on any of the dice. The 
distribution for the outcomes of the game (including the profit) is shown below: 
 

 
 
Find your expected profit from playing this game. 
 
 
 

  
 
 
 
 
 
 
 

 The variance of a random variable: 
 
      __________________________________________ 
 

 The standard deviation of a random variable: 
 
     _________________________________________ 
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Example1: define random variable x = the # of heads observed when tossing two coins, 
The probability distribution is given in the following table. 
 
 
 
 
 
1. Find the expected number of heads (mean number of heads) we wish to observe. 
 
 
 
2. Find the standard deviation of the number of heads. 
 
    
 
 
 
3. Find the probability that the number of heads fall in two standard deviations within the mean. 
 
 
 
 
 
4. What is the probability at least one head observed? 
 
   
 
 
   
 
 
 
 

x P(X = x) 
0 0.25 
1 0.50 
2 0.25 
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4.4 The Binomial Distribution 
 Characteristics of a binomial random variable: 
1. Experiment consists of _______________ trials. 
2. There are only ______possible outcomes for each trial (S: success or F: failure). 

3. The probability of success p remains the ________from trial to trial. ( 1q p= − )  

4. The trials are ______________. 
5. The binomial random variable x is the ________________ in n  trials. 

 
 
Example1. A die is tossed ten times. A success is number 2 observed. Let x be the number of times that 
2 is observed out of 10 trials. Is x a binomial random variable?  
Check the 5 characteristics of a binomial random variable: 
 
 
 
 
 
 
Example2. The professor claims that there is an 80% chance that a student in this class will pass a test. 
Suppose 3 students are randomly selected from this class, define X is the number of students will pass 
the test out of three students, Is X a binomial random variable?  
 
 
 
 
 
 
 
Example3. Three cards are drawn without replacement from a standard deck of 52 cards. A success is 
getting a diamond. Let x be the number to get the diamond. Is x a binomial random variable? 
 
 
 
 
To find the probability of achieving x successes out of n trials, use binomial probability distribution 
formula. 
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Example to find the probability of a binomial random variable: 
Example1. The professor claims that there is an 80% chance that a student in this class will pass a test. 
Suppose 3 students are randomly selected from this class, what is the probability that 2 of these 3 
students will pass the test? 
 
    
 
The probability that 2 of these 3 students will pass the test is _______ .  
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Example1. Let x represent the number of correct guesses on 5 multiple choice questions where each 
question has 4 answer options and only one is correct. 
 

a. Find the probability distribution for random variable X.   
 

x 0 1 2 3 4 5 
P(x)       
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b. Find the probability that the # of correct guesses no less than 3? (Would it be likely to pass a 
five-question quiz by blind guessing?) 
 
 
c. Find the mean and standard deviation for the number of correct guesses.  
 
 
 
 
When trials n is large, using formula calculating binomial probability becomes tedious. We can use 
______________________________ (Table II, P785-788). 
 
The following is a part of this table. 
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Note: the entries represent _____________ binomial probabilities,  
 
 
(Probability that no more than or _________ k successes will occur out of n trials) 
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Example1, Let x represents the number of correct guesses on 10 multiple choice questions where each 
question has 5 answer options and only one is correct. Use binomial probability table,  
 
1. find the probability that a person gets at most 2 questions correctly by guessing. 
                   
                 
                   
2. find the probability that a person gets at least 6 questions correctly by guessing. 
 

 

3. find the probability that a person gets 6 questions correctly by guessing 
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Example3, The probability that an individual is left-handed is 0.10. In a class there are 15 students.  
 

1. Find the probability that no more than (at most) 3 students are left-handed? 
                        
                  
 

2. Find the probability that exactly 3 students are left-handed. 
 
 

3. Find the mean and standard deviation of the number of left-handed students in this class. 
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4.5 The Poisson Distribution 

The _____________probability distribution is used to describe the number of rare events that will 
occur in a specific period of time or in a specific area or volume. (specific unit) 
 
Typical examples of random variables for which the Poisson probability distribution provides a good 
model are as follows: 
1. The number of industrial accidents per month at a manufacturing plant; 
2. The number of customer arrivals per unit time at a supermarket checkout counter; 
3. The number of death claims received per day by an insurance company; 
4. The number of errors per 100 invoices in the accounting records of a company; 
 
Characteristics of a Poisson random variable 
1. The experiment consists of _______________________ a certain event occurs during a given unit of 
time or in a given area or volume or other unit of measurement. 
2. The probability that an event occurs in a given unit of time, area, or volume is _________ for all the 
units. 
3. The number of events that occur in one unit of time, area, or volume is _____________ of the number 
that occur in any other mutually exclusive unit. 
4. The ________(or expected) number of events in each unit is denoted by the Greek letter___. 
 
Probability Distribution for a Poisson Random Variable 
 
Let x = the number of events that occur in the unit, then the probability that x events will occur during 
the unit is given by: 
 

 
_____________________________________ 

 
Note: 2.7183e ≈ ,    
      λ : _____________ of events during given unit of time, area, volume, etc. 
 
Table III (P789-793), the entries represent _______________ Poisson probabilities  
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(Probability that no more than or ________ k events will occur during the unit time) 
 
 
 
 
The Mean, Variance, and Standard Deviation for the Poisson distribution: 
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Example1: Suppose the number x of a company’s employees who are absent on Mondays has a Poisson 
probability distribution. Assume that the average number of Monday absentees is 2.6. 
 
a. Find the mean and standard deviation of x, the number of employees absent on Monday. 
 
 
b. Find the probability that fewer than two employees are absent on a given Monday. 
      
 
      
   
 
c. Find the probability that exactly three employees are absent on a given Monday. 
 
 
            
 
 
d. Use Table III to find the probability that more than three employees are absent on a given Monday.  
 
 
 
 
 
 
 
Example2. Suppose variable x, the number of cars waiting at a stop sign during 6:00pm—7:00pm has a 
Poisson probability distribution with average number 15 cars. 
 
a. Find the probability that there are 10 cars waiting at this stop sign at a given 6:00pm-7:00pm period. 
 
 
 
 
 
b. Find the probability that there are no more than 10 cars waiting at this stop sign at a given 
6:00pm-7:00pm period. 
 
         
 
c. find the mean and standard deviation of x.  
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Learning Objective of Chapter 4: 
1. Understand random variables: discrete and continuous 
2. Describe a probability distribution (possible value of R.V. and corresponding probabilities) 
3. Two requirements of  probability distribution of a discrete random variable 
4. Given a probability distribution of a R.V., Calculate the probabilities, find the mean (expected value) and 

standard deviation of the discrete random variable 
5. Identify Binomial random variable, Calculate the probabilities (using formula and table), find the mean 

(expected value) and standard deviation of a Binomial random variable 
6. Given a Poisson random variable, Calculate the probabilities (using formula and table), find the mean 

(expected value) and standard deviation of a Poisson random variable 
 


