Using the Poisson Distribution
Modelling situations with a Poisson distribution:

Which of these could be modelled by a Poisson distribution?

· The number of misprints on a randomly chosen page in the first draft of a text book.



· The number of sheep in a particular square metre of their field 1 hour after their feed was placed in a central trough.



· The number of sheep in a particular square metre of their field 2 minutes after food was placed in a central trough.



· The amount of sugar, in mg, contained in 1cm3 of water of water taken from a container immediately after a teaspoon of sugar was added.



· The number of accidents occurring on the M20 each day.


Calculating probabilities for the Poisson distribution:

Option 1: The formula:

If X ~ Po(λ), then          P(X = r) = 
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Option 2:  In many situations you can use tables of probabilities.
Calculating Probabilities: An Example

Suppose that the number of bacteria, X, per ml of a liquid has a Poisson distribution with mean 2.5.
(a) Find P(X = 3);

(b) Find the probability that there is at least one bacteria in a 1ml sample of the liquid;

(c) Find the probability that there are no more than 2 bacteria in a 1ml sample of the liquid;

(d) Find the probability that there are fewer than 5 bacteria in a 2ml sample of the liquid.

Solution:


X ~ Po(2.5)

(a)  P(X = 3) = 

(b)  P(X ≥ 1) = 

But, P(X = 0) = 

Therefore, P(X ≥ 1) = 

(c)  P(X ≤ 2) =

However:
P(X = 0) =



P(X = 1) =



P(X = 2) =

Therefore, 
P(X ≤ 2) =

Note that the above answer could have been obtained more simply from tables.

(d)  Let Y be the number of bacteria in a 2 ml sample of the liquid.  Then Y ~ Po(         ).
Using tables:  

Harder example: Which distribution do I use?

A photocopier breaks down on average once a fortnight but these breakdowns occur randomly throughout the week.

(a)  Find the probability of a week with no breakdowns.

The reprographics assistant monitors the number of breakdowns of the photocopier each week for a period of 12 weeks 
(b)  Find the probability that there are no breakdowns in more than 10 of these 12 weeks. 

Assessment Opportunity  (Edexcel S2 Jan 2002  part question)
An internet service provider has a large number of users regularly connecting to its computers.  On average only 3 users every hour fail to connect to the Internet at their first attempt.

(a) Give 2 reasons why a Poisson distribution might be a suitable model for the number of failed connections every hour.
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(b) Find the probability that in a randomly chosen hour

(i) no users fail to connect at their first attempt;
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(ii) more than 4 users fail to connect at their first attempt.


[2]
λ is the average rate at which the events occur
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