Statistical Thermodynamic Chapter (1) / Probability

1.1 Introduction

Probability is the branch of mathematics concerning events and numerical
descriptions of how likely they are to occur. The probability of an event is a humber
between 0 and 1; the larger the probability, the more likely an event is to occur. The higher
the probability of an event, the more likely it is that the event will occur. A simple example
Is the coin. Since the coin is fair, the two outcomes (‘heads' and 'tails’) are both equally
probable; the probability of 'heads' equals the probability of 'tails’; and since no other
outcomes are possible, the probability of either 'heads' or 'tails' is 1/2 (which could also be
written as 0.5 or 50%). These concepts have been given an axiomatic mathematical
formalization in probability theory, which is used widely in areas of study such
as statistics, mathematics, science, finance, artificial intelligence, machine
learning, computer science, game theory, and philosophy to, for example, draw inferences
about the expected frequency of events. Probability theory is also used to describe the

underlying mechanics and regularities of complex systems.[3]

1.2 Basic Concept of Probability
What is the Probability of A and B?

The probability of A and B means that we want to know the probability of

two events happening at the same time.
P(A and B) = P(A) * P(B).

If _the probability of one event doesn’t affect the other, you have an

independent event. All you do is multiply the probability of one by the probability

of another.

Examples
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Example 1: The odds (probability) of you getting promoted this year are 1/4. The
odds of you being audited by the head of department are about 1 in 118. What are
the odds that you get promoted and you get audited?
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Solution:

Step 1: Multiply the two probabilities together:
p(A and B) = p(A) * p(B) = 1/4 * 1/118 = 0.002.
That’s it!

Example 2: The odds of it raining today is 40%; the odds of you getting a goal in
one in golf are 0.08%. What are your odds of it raining and you getting a goal in

one?
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Solution:

Step 1: Multiply the probability of A by the probability of B.
P(Aand B) =P (A) *P (B) = 0.4 * 0.0008 = 0.00032.
That’s it!

Formula for the probability of A and B (dependent events):

P (A and B) =P (A) * P (B|A)
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The formula is a little more complicated if your events are dependent, that is if the
probability of one event effects another. In order to figure these probabilities out,
you must find P (B|A), which is the conditional probability for the event.
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Example: You have 52 candidates for a committee. Four are persons aged 18 to 21.
If you randomly select one person, and then (without replacing the first person’s
name), randomly select a second person, what is the probability both people will be

between 18 and 21 years old?
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Solution:
Step 1: Figure out the probability of choosing an 18 to 21 year old on the first draw
(dro). As there are 52 possibilities, and 4 are aged 18 to 21, you have a 4/52 = 1/13

chance.
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Step 2: Figure out P(B|A), which is the probability of the next event (choosing a
second person aged 18 to 21) given that the first event in Step 1 has already

happened.

(Gle 215 18 o osae 75l o padd Hial) ) Giasll Jlaial a5 ¢ P (BJA) <aiiSl 12 5 5haal
Jrdlly Gaan 38 ] 5 ghadll 3 J Y0 Gaall oY 15k

Lecturer Prof. Dr. Ahmed H. Flayyih / Science college / The University of Thi-Qar

[99)


https://www.statisticshowto.com/probability-and-statistics/statistics-definitions/conditional-probability-definition-examples/

Statistical Thermodynamic Chapter (1) / Probability

There are 51 people left, and only 3 are aged 18 to 21 now, so the probability of

choosing a young Person again is 3/51 =1/ 17.

Step 3: Multiply your probabilities from Step 1(P (A)) and Step 2(P (B|A))
together:
P (A)* P (B|A) =1/13 * 1/17 = 1/221.

Your odds of choosing two people aged 18 to 21 are 1 out of 221.

2. What is the Probability of A or B?

The probability of A or B depends on if you have mutually exclusive events (ones
that cannot happen at the same time) or not.
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If two events A and B are mutually exclusive, the events are called disjoint events.
The probability of two disjoint events A or B happening is:
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P(AorB)=P (A) +P (B).
Example: What is the probability of choosing one card from a standard deck and

getting either a Queen of Hearts or Ace of Hearts? Since you can’t get both cards

with one draw, add the probabilities:
Y oAl L S slall o gl AL e J geand) g dunlial) Ao ganal) (e Bas) g Ay lid) Jlaial g e
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P(Queen of Hearts or Ace of Hearts) = P (Queen of Hearts) + P (Ace of Hearts) =
1/52 + 1/52 = 2/52.
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If the events A and B are not mutually exclusive, the probability is:

(AorB)=P(A)+P (B)-P (AandB).

Example: What is the probability that a card chosen from a standard deck will be a
Jack or a heart? UGB i el Lol de ganall o 3 liaal) A8l S5 o Jlaia) s Le 1l

Solution:

« P (Jack) =4/52

« P (Heart) = 13/52

« P (Jack of Hearts) = 1/52
So:

P (Jack or Heart) = P (Jack) + P (Heart) — P (Jack of Hearts) = 4/52 + 13/52 — 1/52
= 16/52.

Summary of probabilities

Event Probability

A | P(A)e[o,] 'z

N\
’ < P(B)
notA | P(4%) =1- P(4) \

nors | PLAUB)=P(4)+ P(B)— P(AN B)
P(AUB) = P(A) + P(B) if A and B are mutually exclusive T
P(ANB) =

Aand B P(ANB) =

ngIB)P{B) P(BIA)P(4)
P(B) if A and B are independent @ e

P(A NB)  P(B|A)P(A)

AgivenB | P(A| B) = P(B) = P(B)
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1.3 Permutations and combinations

Permutation and Combination are the most fundamental concepts in
mathematics that are the ways to arrange a group of objects by selecting them in a

specific order and forming their subsets. To arrange groups of data in a specific order
permutation and combination formulas are used.

Selecting the data or objects from a certain group is said to be permutation, whereas
the order in which they are arranged is called a combination.
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In this article we will study the concept of Permutation and Combination and their

formulas, using these to solve many sample problems as well.
For example, if we have two components A,B and C, then the permutation

Permutations

B——C :ABC
A
“c—n:ack 000
A —— C:BAC
B<C — A :BCA Permutation of ABC
A—— B :CAB
i

B—— A:CBA

1%t order 2" order 3" order (Alc 8 G006 OCOe
3 x @ % 1 = 6 ways = 3! (B/A c B C Al
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The combination of any two letters out of three letters A, B, and C is shown below,
we notice that in combination the order in which A and B are taken is not important

as AB and BA represent the same combination.

Mathematically, the permutation and combination is given by the following equation

Permutations and Combinations

Number of permutations Number of combinations
(order matters) of n things | |(order does not matter) of n
taken r at a time: things taken r at a time:
7! n!
P(n,r)= Clnry=——
(n—r)! (n—r)r!

Number of different permutations of n
objects where there are n,repeated items,
n, repeated items, ... n, repeated items

n!

m!n,!. n!
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TABLE 1. FOUR BASIC TYPES OF COUNTING PROBLEMS
Permutations .
(ordered) Combinations (unordered)

. n!
. No repetition
¢) oo |:> allowed (n — k)l

]
G\:) " k! (nn— K)!

ta,l g Repetition nk
allowed

(n+£—1)

Example Calculate P(10,3), the number of photographs

of 10 friends taken 3 at a time.

P(10,3) =10-9 -8 = 720.

Note that yvou start with 10 and multiply 3 numbers.

A general formula, using the multiplication principle:

Pnk)=n-(n—1)-(n—2)---(n—k+1).
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