PROBABILITY DISTRIBUTIONS

Probability distributions and their associated formulas and tables allow us to solve a wide variety of problems in a logical manner. Probability distributions are classified as discrete or continuous. Three discrete distributions will be reviewed in this chapter. Continuous distributions are covered in the next chapter. Probability distributions are used to generate sampling plans, predict yields, arrive at process capabilities, determine the odds in games of chance and many other applications.

The three discrete distributions that will be reviewed: 

•
The Hypergeometric Probability Distribution 

•
The Binomial Probability Distribution 

•
The Poisson Probability Distribution

Hypergeometric Probability Distribution

N = The total number of items in the population (lot size)

n = The number of items to be selected from the population (sample size) 

A = The number in the population having a given characteristic

B = The number in the population having another characteristic 

a = The number of A that is desired to occur

b = The number of B that is desired to occur
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Example: An urn contains fifteen balls, five red and ten green. What is the probability of obtaining exactly two red and three green balls in drawing five balls without replacement?
The number of ways that red balls may be selected:
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The number of ways that green balls may be selected:
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The total number of ways to select a sample of five balls from a population of fifteen balls:
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The Binomial Probability Distribution 

The binomial probability formula is used when events are classified in two ways such as good/defective, red/green, go/no-go, etc. The prefix Bi means two. The events or trials must be independent. When the binomial formula is used, it is assumed that the lot size is infinite and the probability of a single success is constant from trial to trial.

The binomial probability formula is be used to answer the following question: What is the probability of x successes in n trials where the probability of a single success is p? . 

The binomial formula is  (x = r)
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Example: A coin is tossed five times. (This is the same as a sample size of five). What is the probability of obtaining exactly two heads in the five tosses?
· The number of trials = n = 5 

· The probability of a single event = p = 1/2 

· The number of successes that the question is seeking (x = 2). 

To arrive at the answer to the question the values are entered in the binomial formula. 
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The Poisson Probability Distribution

When solving binomial problems with the Poisson formula, the terms n, x and p are the same as in the binomial formula. The task is to calculate the probability of x successes in n trials, where the probability of a single success is p. Remember that p is a fraction defective when used to approximate the binomial, and p is defects per unit when counting the number of defects instead of the number of defective units.

In some cases neither n nor p is given, but the product np may be given. If p is a fraction defective then np is the average number of defective units in the sample. If p is in terms of defects per unit then np is the average number of defects in the sample.

The Poisson formula is      
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Example: In making switches, it has been determined by empirical studies that there is, on average, one defect per switch. What is the probability of selecting a sample of five switches that contains zero defects? There are two methods to solve this problem. The first method is to use the above formula where x = 0, n = 5, and p = 1, therefore

np = 5 x 1 = 5.
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