
Activity #8:  Other Discrete Distributions (Geometric, Negative Binomial, Hypergeometric, Poisson) 
   
   
 
In this activity, weÕll learn a few additional discrete distributions.  YouÕre already familiar with the binomial distribution: 
 

 
Binomial distributio n Ð Calculate the number of x successes in n trials. 
Conditions for use: 

• Each trial has two possible outcomes (typically referred to as ÒsuccessÓ and ÒfailureÓ). 
• The probability of ÒsuccessÓ remains constant on each trial (call it p). 
• The trials are independent. 
• The random variable of interest (call it X) is the number of successes in a fixed number (call it n) of trials. 
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 E(X)=np  and  Var(X)=np(1-p) 
 

 
1) Suppose a lot of 5000 electrical fuses contain 5% defectives.  If a sample of five fuses is tested, find the probability of observing at least one defective fuse.  Also find the 

expected number of defective fuses youÕll find.  Make sure you verify that the conditions for use of the binomial distribution have been met 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2) You are the manager of a baseball team looking for a free agent that can hit .300.  You decide to give a free agent 25 at-bats in spring training.  If he doesnÕt get at least 9 hits in 

those 25 at-bats, you will not sign him to your team.  Suppose this free agent really does have a batting average of .300.  What is the probability that you will make a mistake and 
not sign him to your team?  Should you change your criteria in order to minimize the amount of mistakes you will make? 

 
 
 
 
 
 
 
 



 
Scenario:  Suppose a bored statistics professor spends his office time playing solitaire on his computer.  He won 74 times out of 444 attempts in the past (without cheating). 
 
 
3) Let X = the number of games he has to play until his next win.  Is X a discrete random variable? 
 
 
 
 
 
 
4) The probability that he wins his first game is 74/444 = 0.167 (his historical winning percentage is our best estimate).  What is the probability that his first winning game is the 2nd 

game he plays? 
 
 
 
 
 
 
 
 
 
 
 
 
5) Calculate the probability of his first winning game occurring on his 3rd or 4th game.  Sketch a pmf and cdf for X. 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
6) Derive a general expression for P(X=x) in terms of x. 
 

 
 
 
 
 
 



 
 

Geometric distribution  Ð Calculate the number of trials (k) before first success (x) 
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7) Suppose the probability of engine malfunction during a 1-hour period is 0.02.  Let Y denote the number of 1-hour intervals until the first malfunction.  Find the probability that a 

given engine will survive 2 hours.  Find the mean and standard deviation of Y. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8) A student has a 0.1 probability of passing a probability and statistics course.  What is the probability that the student will pass the course in 3 or fewer trials?  What is the mean 

number of trials needed in order to pass the course?  What does this mean represent? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Scenario:   Reconsider the statistics professor with his 1/6 probability of winning his first solitaire game. 
 
9) WhatÕs the probability that his 2nd win comes on the 3rd game?  WhatÕs the probability that his 3rd win comes on the 4th game?  WhatÕs the probability that his rth win comes on  

the xth game? 
 
 
 
 
 
 
 
 
 
 
 
 

 

Negative Binomial distribution  Ð Calculate the number of trials (x) before the rth success 
 
Conditions for use: 

• Independent trials (probability of success is constant from trial to trial) 
• Two possible outcomes 
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10) Suppose you have an equal probability of having a male or female child.  What is the probability that a coupleÕs 5th child is their 2nd daughter?  What is the expected number of 

children they will have in order to have 2 sons?  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Scenario:   A jury of 12 people is selected at random from a pool of 16 men and 18 women. 
 
11) In how many ways could we select 7 women out of the 18 women?  How many ways could we select 5 men from the pool of 16 men? 
 

 
 
 
   

 
 
 
 
12) How many ways could we select 12 people from the pool of 34 people? 
 

 
 
 
 

 
 
 
 
 
13) Calculate the probability that we will select 5 men and 7 women from this group of 16 men and 18 women.  Hint:  Each selection of 12 people is equally likely to occur. 
 
 
 
 
 
 
 
 
 

 

Hypergeometric distribution  Ð Calculate the number of trials successes in a series of trials without replacement 
Conditions for use: 

• Two possible outcomes from a finite population of object, N 
• Randomly selected sample of n objects without replacement 
• There are M successes in the population 
 

!!
"

#
$$
%

&

!!
"

#
$$
%

&
'

'
!!
"

#
$$
%

&

==

n

N

xn

MN

x

M

xXP )(  

 

       
N

M
nXE =)(     and    !

"

#
$
%

&
'
'

!
"

#
$
%

& '=
1

1)(
N

nN
N
M

N
M

nXV  

. 



14) Milk is shipped to retail outlets in boxes that hold 16 containers.  One particular box, which happened to contain 6 underweight containers, is opened for inspection and 5 
containers are chosen at random.  What is the probability that the inspector will find 0 or1 underweight containers?  What is the expected number of underweight containers heÕll 
find? 

 
     
 

 
 
 
 
 
 
 
 
 
 
Our final discrete distribution, which often models the number of defects in a unit of measurement (weight, length, area), is the Poisson distribution. 
 

 

Poisson probability distribution  (pronounced pwaÕson) Ð Probability that x events will occur in time t.  It describes the random 
occurrence of rare or unusual events.  Examples:  Number of repairs per day, phone calls in one-minute, number of typos on a page. 
 
Conditions for use: 

• Number of events in each interval are independent 
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Scenario: Entomologists estimate that an average person consumes almost a pound of bug parts each year.  The FDA sets a limit for each product.  The legal limit for peanut 

butter is 30 insect fragments per 100 grams.  Suppose the crackers you bought from a vending machine are spread with 20 grams of peanut butter.  You will discover the 
probability that the snack will include at least 5 bug parts along with the expected value and variance of this RV 

 
 
 
15) Lambda represents the number of ÒsuccessesÓ in our area of interest.  In this example, lambda is 30 fragments in 100 grams of peanut butter.  What is lambda for the area of 

interest (the 20 grams of peanut butter)?  What is the expected value? 
 
 
 
 
 
 
 
 
 
 



16) What are the chances the crackers you bought from the vending machine will have at least 5 bug parts? 
 
 

 
. 
 
 
 
 
 
 
 
 
 
 
 
 
17) What are the chances the crackers you bought from the vending machine will have no bug parts? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18) On average, there are about 25 imperfections in 100 meters of optical cable.  Calculate the probability that there are no imperfections in two meters of cable. 
 

 
 
 
 
 
 
 


