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Chapter 17: Probability Models 
Now that we understand random variables, let’s look at some of the more important ones. 

Bernoulli Trials 

…but first, a concept: the Bernoulli Trial. A Bernoulli Trial is a random experiment where 

the outcomes can be grouped into two categories (labeled “success” and “failure”), the 

probability of success is the same for every trial, and repeated trials are independent of one 

another. 

Flipping a coin is a Bernoulli Trial. Rolling a die and noting whether or not it came up as a six 

is a Bernoulli Trial. Asking a person if they like to use Internet Explorer is probably a Bernoulli 

Trial (you might have to make some assumptions). 

The words “success” and “failure” are just labels—they don’t necessarily mean that 

something good (or something bad) has happened. 

We use a lowercase p for the probability of success. Some people like to use the letter q for 

the probability of failure…but to me that just adds one more thing to remember, so I don’t do 

that. The textbook does do this, however…wherever the book uses q, I’ll use 1 p− . 

The Geometric Model 

This is the least important random variable that we’ll encounter…but it does show up from 

time to time. 

Definition 
If you repeat a Bernoulli Trial until a success occurs then you are dealing with a Geometric 

Model. In particular, a Geometric Random Variable measures the trial number on which the 

first success occurs in repeated Bernoulli Trials. 

Be careful—there are some people out there that define a geometric variable as counting the 

number of failures that occur before the first success. Your calculator doesn’t do it that way and 

I’m not doing it that way either—just so you know. 

Distribution Details 
The domain (the values that the variable can take) of a geometric random variable is the 

positive integers. The probability that the variable takes one of those values is easy to derive—so 

let’s do it! 

If the first success occurs on trial k, then the previous 1k −  trials must have been failures. 

Since repeated trials are independent, we can multiply to find the probability that all of those 

failures (and that one success) occurs. Let’s let the variable itself be G. 
Equation 1 - Probability Mass Function for a Geometric Random Variable 

( ) ( ) 1
1

k
P G k p p

−
= = − ⋅  

I’ve (correctly) referred to this equation as a Probability Mass Function (pmf)…alas, the TI 

calculators refer to it as a Probability Density Function (pdf). The abbreviations ought to help 

you remember which functions in the calculator to use…but they got them wrong for discrete 

variables. 
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Now let’s describe the distribution of a geometric random variable. First up: center. 
Equation 2 - The Mean of a Geometric Random Variable 

1
G

p
µ =  

Now, spread: 
Equation 3 - The Standard Deviation of a Geometric Random Variable 

1
G

p

p
σ

−
=  

Finally, shape…if you think about it for a minute, you’ll realize that the shape of a geometric 

random variable must be skew right. 

Examples 
[1.] The (approximate) probabilities of matching some of the winning numbers in the South 

Carolina Palmetto Cash Five Lottery is given in the following table. 
Table 1 – Cash Five Probabilities 

x 0 1 2 3 4 5 

P(X = x) 0.4728 0.4076 0.1087 0.0105 0.0003 0.0001 

A player wins a prize if they match at least 2 of the 5 winning numbers. A player decides to 

play one ticket at each drawing until he wins. 

(a) What is the probability that a player wins a prize for one drawing of this lottery? 

(b) What is the probability that he has to play for a full week (7 days) to win? 

(c) How many days should he expect to play in order to win once? 

 

(a) Add up the probabilities for matching 2 through 5 numbers! That comes out to 0.1196. 

(b) This is now a geometric situation with 0.1196p = . 

( ) ( ) ( )6
7 0.8804 0.1196 0.0557P D = = ≈ ; so the probability of winning on draw number 7 is 

approximately 5.57%. 

(c) This is now asking for the mean, which is 
1

8.361
0.1196

≈  days. 

 

[2.] In a certain game, players roll three dice at a time. If all three dice come up as ones then 

the player earns a large number of points. Zeke decides to practice at home by rolling these dice 

until they come up as all ones. 

(a) What is the probability that on one roll, all three dice will come up as ones? 

(b) What is the probability that Zeke will get all ones on his tenth roll? 

(c) How many rolls should Zeke expect it to take in order for the dice to come up all ones? 

 

(a) The probability is 

3
1

0.0046
6

  ≈ 
 

. 

(b) This is a geometric situation with 0.0046p = . ( ) ( ) ( )9
10 0.9954 0.0046 0.0044P R = = ≈ ; 

so the probability of getting all ones on the tenth roll is about 0.44%. 
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(c) He should expect 
1

216
0.0046

=  rolls. At a leisurely one per minute, that should only take 

a few hours! 

 

[3.] Studies suggest that about 7% of people sleep primarily on their stomach. Bob needs to 

interview one such person, so he obtains a large group of unrelated people and starts asking them 

how they sleep. 

(a) What is the probability that Bob finds the first person who sleeps on their stomach on his 

fifth interview? 

(b) What is the probability that Bob must interview at least twenty people? 

(c) How many people should Bob expect to interview in order to find one who sleeps 

primarily on their stomach? 

 

(a) This is geometric with 0.07p = , so the probability that his first stomach-sleeper is his 

fifth interview is ( ) ( ) ( )4
5 0.93 0.07 0.0524P I = = ≈ , or about 5.24%. 

(b) “At least twenty people” means we need to find ( )20P I ≥ . Since the possible values of I 

do not have a (theoretical) upper bound, we’re going to have to do something special to calculate 

this probability! In particular, let’s use the opposite: ( ) ( )20 1 19P I P I≥ = − ≤ . Now ( )19P I ≤  

is a lot of work, adding up 19 different exact geometric probabilities…so I’m not going to show 

the work, just the result: the probability is 0.2519, or about 25.19%. 

(c) This is now asking for the mean, which is 
1

14.2857
0.07

≈  people. 

The Binomial Model 

This is a more important random variable—probably the most important discrete random 

variable. 

Definition 
If you repeat a Bernoulli Trial a fixed number of times, then you are using a Binomial Model. 

In particular, a Binomial Random Variable counts the number of successes in a fixed number of 

Bernoulli Trials. 

The number of trials has to be set ahead of time—if you stop once a certain number of 

successes (or failures) have been achieved, then you don’t have a binomial model! 

We use a lowercase n to represent the number of trials. 

Distribution Details 
The domain of a binomial random variable is the set of integers from zero to n, inclusive. The 

equation to find the probability of each value is a little harder to derive than is the case with the 

geometric model…so I’ll just throw it out there. I’ll use B for the name of the variable. 
Equation 4 - The Probability Mass Function for a Binomial Random Variable 

( ) ( )1
n kk

n
P B k p p

k

− 
= = − 
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Now for the center of a binomial random variable: 
Equation 5 - The Mean of a Binomial Random Variable 

B n pµ = ⋅  

Next up, spread: 
Equation 6 - The Standard Deviation of a Binomial Random Variable 

( )1B n p pσ = ⋅ ⋅ −  

Finally, as to the shape of a binomial random variable…it turns out that it depends on two 

factors. Fortunately, we don’t need to know about this just yet! We’ll talk more about this later. 

Examples 
[4.] A certain treatment for stroke victims helps them to learn to speak again. This treatment 

works in about 80% of stroke victims. 

(a) In a group of 20 stroke victims, what is the probability that this treatment will help 15 of 

them? 

(b) In a group of 20 stroke victims, how many should be expected to respond to this 

treatment? 

 

(a) This is a binomial situation with 20n =  and 0.8p = . 

( ) ( ) ( )15 520
15 0.8 0.2 0.1746

15
P W

 
= = ≈ 

 
. There is a 17.46% chance that 15 of the 20 patients 

will be helped by this treatment. 

(b) This is now asking for the mean, which is ( ) ( )20 0.8 16=  patients. 

 

[5.] Some doctors prefer to treat appendicitis with antibiotics rather than surgery. Studies have 

shown that the antibiotic treatment works for about 63% of patients. 

(a) In a group of fifteen patients with appendicitis, what is the probability that exactly ten are 

successfully treated with antibiotics? 

(b) What is the probability that more than 12 of 15 patients will be successfully treated with 

antibiotics? 

 

(a) This is a binomial situation with 15n =  and 0.63p = . The probability is 

( ) ( ) ( )10 515
10 0.63 0.37 0.2051

10
P T

 
= = ≈ 

 
, or 20.51%. 

(b) “More than 12” means 13, 14 or 15. The probability is 

( ) ( ) ( ) ( ) ( ) ( )13 2 14 1 15 015 15 15
0.63 0.37 0.63 0.37 0.63 0.37 0.045

13 14 15

     
+ + ≈     

     
, or about 4.5%. 

 

[6.] It is reported that 56% of a state is experiencing drought conditions. An agricultural 

researcher randomly selects ten farmers in the state and asks if their farms are experiencing 

drought. 

(a) What is the probability that at least 7 of the 10 farms are in a drought? 

(b) How many of the farms should the researcher expect to be in a drought? 
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(a) This is a binomial situation with 10n =  and 0.56p = . 

( ) ( ) ( ) ( ) ( )7 7 8 9 10P D P D P D P D P D≥ = = + = + = + = …but that’s a lot of typing, so I’m 

just going to skip to the answer: 0.2877, or an approximate 28.77% probability. 

(b) He should expect ( ) ( )10 0.56 5.6= . No, you should not round that average! There is only 

one calculation that we should round, and this is not it. 

The Normal Model 

The textbook now talks about the Normal Model…but I’m going to do that in a separate 

document (it’s that important). In particular, I’m going to backtrack and pick up Chapter 6, 

which we skipped earlier. 


