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5.6: Poisson Distribution
The Poisson distribution was named after the French mathematician Siméon Poisson (pronounced pwɑːsɒn, means fish in French).

Poisson

The Poisson discrete probability distribution finds the probability of an event over some unit of time or space. A Poisson
probability distribution may be used when a random experiment meets all of the following requirements.

1. Events occur independently.
2. The discrete random variable X is the number of occurrences over an interval of time, volume, space, area, etc.
3. The mean number of successes μ over time, volume, space, area, etc. is given. (Note some textbooks and calculators use lambda

= λ instead of mu = μ for the mean).

The formula for the Poisson distribution is P(X = x) = , where e is a mathematical constant approximately equal to
2.71828, x = 0, 1, 2, … is the number successes that you are trying to find the probability for, μ is the mean number of a
success over one interval of time, space, volume, etc.

The value of x has no stopping point since there is no set sample size like the binomial distribution. Note that e is not a variable, it
is a constant number. Use the e  button on your calculator.

Mean, Variance & Standard Deviation of a Poisson Distribution

For a Poisson distribution, μ, the expected number of successes, and the variance σ  are equal to one another.

Sometimes the question will ask for a probability over a different unit of time, space or area than originally given in the problem.
Always change the mean to fit the new units in the question.

This formula will help in correctly rescaling the mean to fit the questions new units: New μ = old μ( ). The “old” would
be the original stated mean and units and the “new” is the units from the question.

TI-84: Press [2nd] [DISTR]. This will get you a menu of probability distributions. Press [ALPHA] B or arrow down to
B:poissonpdf( and press [ENTER]. This puts poissonpdf( on the home screen. Enter the values for μ and x with a comma between
each. Press [ENTER]. This is the probability density function and will return you the probability of exactly x successes. Press
[ALPHA] C or arrow down to C:poissoncdf( and press [ENTER]. This puts poissoncdf( on the home screen. Enter the values for μ
and x with a comma between each. Press [ENTER]. This is the cumulative distribution function and will return you the probability
of at most x successes.

TI-89: Go to the [Apps] Stat/List Editor, then select F5 [DISTR]. This will get you a menu of probability distributions. Arrow
down to Poisson Pdf and press [ENTER]. Enter the values for μ and x into each cell. Press [ENTER]. This is the probability
density function and will return you the probability of exactly x successes. Arrow down to Poisson Cdf and press [ENTER]. Enter
the values for μ and the lower and upper values of x into each cell. Press [ENTER]. This is the cumulative distribution function and
will return you the probability between the lower and upper x-values, inclusive.
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Excel: Use the formula =POISSON.DIST(x,mean,false) for P(X = x). Use the formula =POISSON.DIST(x,mean,true) for P(X ≤
x).

There are about 8 million individuals in New York City. Using historical records, the average number of individuals
hospitalized for acute myocardial infarction (AMI), i.e. a heart attack, each day is 4.4 individuals. What is the probability that
exactly 6 people are hospitalized for AMI in NY City tomorrow?

Solution
First, note that the probability question is over the same units of time, one day, which the average is given. It is important that
these units always match. The random variable X = the number of individuals hospitalized each day in NY City for an AMI.

We are trying to find P(X = 6) and the mean μ = 4.4 people.

Using the formula P(X = 6) =  = 0.1237.

TI-84: poissonpdf(4.4,6) = 0.1237.

Excel =POISSON.DIST(6,4.4,FALSE) = 0.1237.

A bank drive-through has an average of 10 customers every hour. Find the following probabilities.

a) Compute the probability that no customers arrive in an hour.

b) Compute the probability of exactly 2 customers use the drive-through in an hour.

c) Compute the probability that exactly 2 customers use the drive-through in a 30-minute period.

d) Compute the probability that fewer than 2 customers use the drive-through in a half hour.

Solution
a) In this case, X is the number of customers that use the drive-through. We are trying to find the probability that x = 0. The
average is given in the problem as μ = 10. This gives P(X = 0) =  = 4.53999E-5 = 0.0000454.

TI-84: poissonpdf(10,0) = 0.0000454.

Excel: =POISSON.DIST(0,10,FALSE) = 0.0000454.

b) P(X = 2) =  = 0.0023.

TI-84: P(X = 2) = poissonpdf(10,2) = 0.0023.

Excel: =POISSON.DIST(2,10,FALSE) = 0.0023.

c) The unit of time has changed from 1 hour to 30 minutes, so we need to rescale the mean to fit the new unit of time. Use the
following formula to convert your units, New μ = old μ( ) = 10( ) = 5.

P(X = 2) =  = 0.0842.

TI-84: P(X = 2) = poissonpdf(5,2) = 0.0842.

Excel: P(X = 2) =POISSON.DIST(2,5,FALSE) = 0.0842.

Note; always rescale the mean to fit the units of the question, not the other way around.

d) The time-period is half an hour = 30 minutes. The mean from part c would be μ = 5. To find “less than” 2 we would have zero or
one customer.

P(X < 2) = P(X = 0) + P(X =1) =  +  = = 0.0067 + 0.0337 = 0.0404.

TI-84: P(X = 2) = poissoncdf(5,1) = 0.0404.

Excel: =POISSON.DIST(1,5,TRUE) = 0.0404.
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So far, most of the examples for the Poisson distribution were for exactly x successes. If we want to find the probability of
accumulation of x values then we would use the cumulative distribution function (cdf) instead of the pdf. As you read through a
problem look for some of the following key phrases in Figure 5-9. Once you find the phrase then match up to what sign you would
use and then use the table to walk you through the computer or calculator formula.

Figure 5-9

A bank drive-through has an average of 10 customers every hour. Find the following probabilities.

a) Compute the probability of at least four customers arriving in an hour.

b) Compute the probability of at most four customers arriving in an hour.

c) Compute the probability of fewer than four customers arriving in an hour.

d) Compute the probability of more than four customers arriving in an hour.

e) Compute the probability that fewer than 2 customers arrive in a 15-minute period.

Solution
a) Because we do not have a set sample size to stop at like the binomial distribution, you would have to find the probability of
4 or more until your answers are small enough that they are not changing your answer out to at least four decimal places
0.0000. This may take a lot of work; instead, we will use the complement rule. The complement to “at least 4,” is “3 or less.”

Find P(X ≥ 4) = 1 – P(X ≤ 3) = 1 – P(X = 0) + P(X = 1) + P(X = 2) + P(X = 3) =  =

1 – 0.000045 + 0.000454 + 0.00227 + 0.007567 = 1 – 0.0103 = 0.9897. Note that the value of x went from 4 to 3. The
complement of strictly less than 4 starts at x = 3.

TI-84: 1 – poissoncdf(10,3) = 0.9897.

Excel: =1-POISSON.DIST(3,10,TRUE) = 0.9897.

b) P(X ≤ 4) = P(X = 0) + P(X = 1) + P(X = 2) + P(X = 3) + P(X = 4) =  =
0.000045 + 0.000454 + 0.00227 + 0.007567 + 0.018917 = 0.0293.

TI-84: poissoncdf(10,4) = 0.0293.

Excel: =POISSON.DIST(4,10,TRUE) = 0.0293.
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c) P(X < 4) = P(X = 0) + P(X = 1) + P(X = 2) + P(X = 3) =  0.000045 + 0.000454 +
0.00227 + 0.007567 = 0.0103.

TI-84: poissoncdf(10,3) = 0.0103.

Excel: =POISSON.DIST(3,10,TRUE) = 0.0103.

d) Using part b, P(X > 4) = 1 – P(X ≤ 4) = 1 – 0.0293 = 0.9707.

TI-84: 1 – poissoncdf(10,4) = 0.9707.

Excel: =1-POISSON.DIST(4,10,TRUE) = 0.9707.

e) The unit of time has changed from 1 hour to 15 minutes, so we need to rescale the mean to fit the new unit of time. Use the
following formula to convert your units, New μ = old μ( ) = 10( ) = 2.5.

P(X < 2) = P(X = 0) + P(X = 1) =  +  = 0.0821 + 0.2052 = 0.2873.

TI-84: poissoncdf(2.5,1) = 0.2873.

Excel: =POISSON.DIST(1,2.5,TRUE) = 0.2873.

The last ever dolphin message was misinterpreted as a surprisingly sophisticated attempt
to do a double--‐ backwards – somersault through a hoop whilst whistling the "Star
Sprangled Banner," but in fact the message was this: So long and thanks for all the fish.

(Adams, 2002)

This page titled 5.6: Poisson Distribution is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Rachel Webb via
source content that was edited to the style and standards of the LibreTexts platform.
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