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Probability

6.1 Introduction

Probability and statistics are concerned with events which occur by chance.

Examples include occurrence of accidents, errors of measurements, production of

defective and non defective items from a production line. In each case we may have

some knowledge of the likelihood of various possible results, but we cannot predict

with any certainty the outcome of any particu­ lar trial. Probability and statistics are

used throughout engineering. Chemical engineers use probability and statis­ tics to

assess experimental data and control and improve chemical processes. It is essential

for today’s engineer to master these tools.

6.2 The basic concepts of probability.

A-Random Experiments: a measurement process that produces quantifiable results
(e.g. throwing two dice, measuring heights of people, recording proton-proton
collisions)

Example 6.1
If we toss a die, the result of the experiment is that it will come up with one of the
numbers in the set {1, 2, 3, 4, 5, 6}.

B-Sample Spaces (S): the set of all possible outcomes from an experiment

Example 6.2
If we toss a die, then one sample space is given by {6,5,4,3,2,1} while another is
{even, odd}. It is clear, however, that the latter would not be adequate to determine,
for example, whether an outcome is divisible by 3.

Example 6.3 : Tossing a coin: S = {H,T}
Example 6.4 : Number of customers in a queue: S = {0,1,2,...}
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The number of all possible outcomes may be

1- If a sample space has a finite number of points, it is called a finite sample space.

2- If it has as many points as there are natural numbers 1, 2, 3, …. , it is called

a countable infinite sample space.

3- If it has as many points as there are in some interval on the x axis, such as

0 ≤ x ≤ 1, it is called a noncountable infinite sample space.

A sample space that is finite or countable finite is often called a discrete sample
space, while one that is noncountable infinite is called a nondiscrete sample space.

C-Events (E).

An event is any subset of a sample set (including the empty set, and the whole set)
Two events that have no outcome in common are called mutually exclusive events.

Combination of events

• Union “A or B”: A  B = {ω S | ω  A or ω  B}
• Intersection “A and B”: A ∩ B = {ω S | ω  A and ω  B}
• Complement “not A”: Ac = {ω S | ω ∉ A}
• Events A and B are disjoint if – A ∩ B =∅
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Example 6.5 : S =(3,4,2,8,9,10,27,23,14)

A=(2,4,8)   B=(3,4,8,27)∪ =(2,3,4,8,27)
∩ =(4,8)
− =(2)

6.3 The Probability

In any random experiment there is always uncertainty as to whether a particular event
will or will not occur. As a measure of the chance, or probability, with which we can
expect the event to occur, it is convenient to assign a number between 0 and 1. For
example, the probability is 1/4 , we would say that there is a 25% chance it will occur
and a 75% chance that it will not occur. Equivalently, we can say that the odds
against occurrence are 75% to 25%, or 3 to 1.

Example

260 bolts are examined as they are produced. Five of them are found to be defective.

On the basis of this information, estimate the probability that a bolt will be defective.

Answer: The probability of a defective bolt is approximately equal to the relative

frequency, which is 5 / 260 = 0.019 or 1.9%.

Example

Two fair coins are tossed. What is the probability of getting one heads and one tails?.

Answer: For a fair or unbiased coin, for each toss of each coin

Pr [heads] = Pr [tails] =1/2
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