Chapter 5 (Special Discrete Probability distributions)

Outline
1. Hypergeometric distribution

a. Properties of the Hypergeometric Experiment

i. Sample/select without replacement. Experiments are not independent. 

That is, P(1st and 2nd) = P(1st)P(2nd| 1st)

ii. only 2 outcomes of experiment (success or failure)

b. Meaning of the random variable X

i. X = the number of success

c. The Hypergeometric distribution 

i. Ex 2.32 revisited (fuse problem – without replacement)

ii. Ex 5.12 (Acceptance sampling of lots)

d. The Hypergeometric distribution mean & variance

i. Ex 5.13 (Acceptance sampling of lots)

2. Binomial Distribution

a. Properties of the Bernoulli process

i. n repeated trials

ii. only 2 outcomes of experiment (success or failure)

iii. Prob(Success) = p is constant from one trial to the other

iv. Repeated trials are independent. 
That is, P(1st and 2nd) = P(1st)P(2nd)
b. Meaning of the random variable X

i. X = the number of success

c. The binomial distribution 

i. Ex 5.4 (Component survivability from a shock test p=3/4)

d. The binomial distribution mean & variance

i. Ex 5.5 Rare Blood Disease

e. Binomial terms from binomial expansion of (p+q)n
f. Relationship with the hypergeometric distribution 
      (optional section: as N -> ()

i. Ex 5.14 (Tire Blemish)

3. Geometric distribution

a. Meaning of the random variable X

i. X = 1st success on the kth trial

b. Geometric Distribution Defined

i. Ex 5.18 (“busy time” at telephone exchange – 5th attempt)

c. Mean and variance of the Geometric Distribution

i. Ex 5.18 revisited

4. Poisson Distribution

a. Properties of the poisson process

i. # of outcomes occurring in one time interval (or region of space) is Independent of  # of outcomes in any other disjoint time interval (or region of space)
ii. P(one outcome during a very short time interval/space) is
1. ( (proportional to) length of time interval. 

2. does not depend on the number of outcomes outside this time interval/space

iii. P(more than 1 outcome in a very short time interval) = negligible

b. Meaning of the random variable X

i. X = Number of outcomes in a given time interval or region of space

c. Poisson Distribution

i. Ex 5.19 (time interval problem – radioactive particle)

d. Poisson Mean and variance

i. Ex 5.20 (space/region problem – oil tankers docking)
e. Relationship between Poisson and Binomial (optional)
Sec. 5.3. Binomial distribution
Example 5.4. The probability that a certain kind of component will survive a given shock test is 3/4.  Find the probability that exactly 2 of the next 4 components tested will survive.

Sec. 5.4. Hypergeometric Distribution

Example 5.12.  Lots of 40 are unacceptable, if they contain 3 or more defectives. The quality control procedure is: sampling 5 items  at random. If a defective found in the sample, then reject the lot, otherwise accept it. 

Q1. What is the probability of accepting a "bad" lot containing 3 defectives?

Q2. What is the probability of rejecting it?

Q3. What do you think about utility of this plan?

Sec 5.5. Geometric Distribution
Example 5.17. In a certain manufacturing process it is known that, on average, 1 every 100 items is defective. What is the probability that fifth item inspected is the first defective item found?

Sec 5.6. Poisson Distribution
Examples of Poisson process:

a) The number of phone calls per hour.

b) The number of cars passing the KFUPM gate per hour.

c) The number of arrivals of tankers to a port per day.

d) The number of car accidents per day or per month.

Example 5.19. During a laboratory experiment the large number of radioactive particles passing through a counter in 1 millisecond is 4. 

a) What is the probability that 6 particles enter the counter in a given millisecond?

b) What is the probability that 8 particles enter in the next 2 milliseconds?
