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2* Ran dom EKPL\‘I'mcn": F An experiment which produces different results even though it is repeated
a large number of times under essentially similar conditions, is called a

Too ouwlcemes

Head dTook 1. Tossing of a fair coin.

Six outGmes

2. Throwing of a balanced die.
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3. Drawing of a card from a well-shuffled deck of 52 playing cards.
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Simple Event : A simple event in probability is an event with only one possible outcome from a sample space. It's the most
basic type of event, where there's no combination of outcomes. For example, flipping a coin and getting heads is a simple
event, as it has only one specific outcome.

Single Outcome: A simple event is defined by a single, distinct result.

No Combination: Unlike compound events, a simple event doesn't involve the combination of multiple outcomes.

Probability: The probability of a simple event is the ratio of the number of favorable outcomes (which is 1 for a simple event) to
the total number of possible outcomes.

Example: Rolling a die and getting a specific number (e.g., 4) is a simple event.

Compound event: A compound event involves the combination of two or more simple events, leading to multiple possible
outcomes.

Example: Rolling a die and getting either an even number or a number greater than 3 is a compound event, as it combines
multiple simple events.
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Mutually exclusive events are events that cannot occur at the same time. If one event happens, the other cannot. They are
also known as disjoint events. For example, when flipping a coin, getting heads and getting tails are mutually exclusive
events. Simultaneous occurrence is impossible:

— If event A happens, then event B cannot happen at the same time, and vice versa.

-, Disjoint sets: In probability, mutually exclusive events have no outcomes in common.

—> Probability of both occurring is zero:

— If A and B are mutually exclusive, the probability of both A and B happening is 0, represented as P(A and B) = P(AN B) = 0.

—5 If A and B are mutually exclusive, the probability of either A or B happening is the sum of their individual probabilities:
P(A or B) = P(AUB) = P(A) + P(B).



Examples:

Coin toss: Heads and tails are mutually exclusive.

Rolling a die: Rolling a 1 and rolling a 2 are mutually exclusive.

Choosing a card: Selecting a King and selecting a Queen from a deck of cards are mutually exclusive.
Financial investments: Choosing between two mutually exclusive investment projects.

Traffic: Turning left or right at a fork in the road are mutually exclusive.
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Exhaustive events are a set of events where at least one event is guaranteed to occur when an experiment is
performed. Essentially, they cover all possible outcomes of an experiment.

Definition: A set of events is exhaustive if, when an experiment is conducted, one of those events must happen.

Sample Space: Exhaustive events encompass the entire sample space of an experiment. The sample space is the set of all
possible outcomes.

Example:
When flipping a coin, the outcomes "heads" and "tails" are exhaustive because one of them must occur.

When rolling a six-sided die, the outcomes {1, 2, 3, 4, 5, 6} are exhaustive because one of those numbers will be rolled.

Not necessarily equally likely: While exhaustive events cover all possibilities, the individual events within the set don't
necessarily have the same probability of occurring.
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Equally likely events are those where each outcome of an event has the same probability of occurring. In simpler terms,
there's no bias or preference towards any particular outcome.

Examples
— Tossing a fair coin: When flipping a fair coin, the probability of getting heads is the same as the probability of getting tails

(both 1/2 or 50%).
—> Rolling a fair six-sided die: Each face of the die (1 through 6) has an equal probability (1/6) of landing face up.
—> Drawing a card from a well-shuffled deck: Assuming the deck is fair, each card has an equal chance of being drawn.

-y The core feature is that the probability of each possible outcome is the same.

Theoretical Probability: This is based on the structure of the event (e.g., a fair coin has two sides, a die has six sides) and
not on observed frequencies.

Absence of Bias: No outcome is favored over another.

Importance: Understanding equally likely events is fundamental in probability theory. It allows for the calculation of
probabilities using simple formulas, like the number of favorable outcomes divided by the total number of outcomes.
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The classical definition of probability states that the probability of an event is the ratio of the number of favorable
outcomes to the total number of possible outcomes, assuming all outcomes are equally likely
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Example = The following data relate to the distribution of wages of a group of workers:

Wages in : 50-60  60-70 70-80 80-90 90-100  100-110 110-120
No. of workers: 15 23 36 42 17 12 5

If a worker is selected at random from the entire group of workers, what is the probability that
(@) his wage would be less than ¥ 50? —% = O

(b) his wage would be less than ¥ 807 74
SO
(c) his wage would be more than ¥ 100? ‘?:%—

(d) his wages would be between ¥ 70 and ¥ 100? 95
Iso
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Example — There are three persons A, B and C having different ages. The probability that A
survives another 5 years is 0.80, B survives another 5 years is 0.60 and C survives another 5 years
is 0.50. The probabilities that A and B survive another 5 years is 0.46, B and C survive another 5
yearsis 0.32 and A and C survive another 5 years 0.48. The probability that all these three persons
survive another 5 years is 0.26. Find the probability that at least one of them survives another 5

years.
£ P(P)= o0 P(ADB)= 6-46  e(ANBNCY —o.2¢
F(8) = o-¢o P(80C) = 0-32
Pl =050 ¢(cnA)= o-yp

P(RuBLC) = P(A)£PIB)+P(C) - P(ANBG) —PIBNC) —pP(cnA) +P(ANBNC)

= 034506+ 0S5-0Y-032-048 +0-2¢
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The compound theorem of probability, also known as the multiplicative rule of probability, deals with finding
the probability of two or more independent events occurring together. It states that the probability of both
events A and B occurring is the product of their individual probabilities:

P(AandB) =P(A).P(B). > P(ANB) = P(A)-PIR)

Independent Events: Independent events are those where the outcome of one event does not influence the
outcome of the other. For example, flipping a coin twice is an example of independent events, as the result of

the first flip does not affect the second flip.
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P(ANB)= PIA). P(B)
In a Mmilay maaney, P(ANBNC) = P(A)PIB)P() for A8 &< iIndppemcdent evenfs.
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a'if) O and B ae alss indepemdant events i-e. P(ANB) =p(A)PIB')

Condihoned Proba b‘ili*a 2

conditional probability is a measure of the probability of an event occurring, given that another event is

already known to have occurred. This particular method relies on event A occurring with some sort of
relationship with another event B.
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@ A pouv Jf dice IS +Hharown -{-oae.ﬂmzv cnd the Juw "QJ points dyy two dice (s noted
to be 0. Ghat s he prob- that one dy Hhe e cuze has Shown paint 4.
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If 8 balls are distributed at random among three boxes, what is the probability
that the first box would contain 3 balls?

Q
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There are two urns containing 5 red and 6 white balls and 3 red and 7 white balls
respectively. If two balls are drawn from the first urn without replacement and transferred to
the second urn and then a draw of another two balls is made from it, what is the probability that

both the balls drawn are red?

[

S
_&l_ A : Both bally hreansfered gre red (Znol Uwm hawe SR FIn) P(A) = —,%;

R Ghite (2nd Uvahawe 3R 9W) PLB) = Soa .
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= 552 . Sy Sc; .3c1 Sq. €, _ucl &S
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A lot of 10 electronic components is known to include 3 defective parts. If a
sample of 4 components is selected at random from the lot, what is the probability that this
sample does not contain more than one defectives? -

f( Not mo o - B 2
S ( dmﬂz:':; ML = p(Ievoclef) + pP(ove <tef)

oo [
_ . 3¢, e Totel=to

1o o
Lq (_Lf
= 35S 3.38 g
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The independent probabilities that the three sections of a costing department
will encounter a computer error are 0.2, 0.3 and 0.1 per week respectively. What is the probability

that there would be

e

p(No&vor) = (- %. lla

= 1- 7 —o-Y49¢
locoO

HE

(i) atleast one computer error per week? = |-

(ii) one and only one computer error per week?

=P (P) P(B) P(R) 4+ P(B)P(A) P(E) +P(C) PLA) C(B)
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@ Mr. Roy is selected for three separate posts. For the first post, there are three
candidates, for the second, there are five candidates and for the third, there are 10 candidates.
What is the probability that Mr. Roy would be selected?
AL P(Roy Selects) = |- P (Roy Not select )
=\= 2 _ Y 9 = V= e 1€ _ 13
ERESRRT- I Iso | A5
< There are three boxes with the following compositions :
Colour
Box Blue Red White Total
I 5 8 10 23
I ks 9 21
111 3 6 16

One ball is drawn from each box. What is the probability that they would be of the same colour?

A P(sameclor) = P(8BB ) + P(RRR) + P (WwWW)
= 5 Y 3 g 3. 8. I8 ..t
3 6t 339 et 3 QAT
= G0+ Y32+ S6o los2 963
23.21.16 7728 (932 —&J-

¥ “Random Varable

A random variable is a variable whose numerical value is determined by the outcome of a random

phenomenon. A probability distribution describes the likelihood of all possible values that a random variable
can take.

A random variable assigns a numerical value to each possible outcome of a random experiment.

Types: Discrete: Takes on countable values (e.g., the number of heads when flipping a coin 10 times).
Continuous: Can take any value within a given range (e.g., the height of a student).

Examples: The outcome of a die roll (discrete). .
The temperature of a room (continuous). , -he-cah'l: . wua ht

¢ f’z—obob‘if“’a AsHibution =

A probability distribution describes the likelihood of each possible value of a random variable.
Discrete Probability Distributions:

Probability Mass Function (PMF): Assigns probabilities to each distinct value of a discrete random
variable.

Example: For a fair six-sided die, the PMF would assign a probability of 1/6 to each face (1, 2, 3, 4, 5, 6).



Continuous Probability Distributions:

Probability Density Function (PDF): Describes the relative likelihood of a continuous random variable

falling within a specific range of values.
Example: The normal distribution, often represented by a bell curve, is a common PDF.

Key Properties:

1. Probabilities are always non-negative. %0 +F

2. The sum of all probabilities in a discrete distribution equals 1 (or the integral of the PDF over all.
possible values equals 1 for continuous distributions). EP;=1 (over a2 ()

3. Probability distributions can be used to calculate probabilities of events and to summarize the behavior

of random variables.
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Properties of Expected Values ‘-

(i) Expectation of a constant k is k
i.e. E(k) = k for any constant k.

(i1) Expectation of sum of two random variables is the sum of their expectations.
i.e. E(x +y) = E(x) + E(y) for any two random variables x and y.

(iii) Expectation of the product of a constant and a random variable is the product of the
constant and the expectation of the random variable.

i.e. E(k x) = k.E(x) for any constant k

(iv) Expectation of the product of two random variables is the product of the expectation
of the two random variables, provided the two variables are independent.

i.e. E(xy) = E(x) x E(y)

Whenever x and y are independent.
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Consider tossing a fair coin 3 times.
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@ A random variable has the following probability distribution:
X: 4 5 7 8 10
P 0.15 0.20 0.40 0.15 0.10

Find E [x — E(x)]%. Also obtain v(3x —4)
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i A random variable x has the following probability distribution :

X : 0 1 2 3 4 5 6 7
P(X) - 0 2k 3k k 2k Kk 7k¥ 2k+k
Find (i) the value of k

(ii) P(x <3)

(iii) P(x > 4)

(iv) P(2<x < 5)
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L A dice is thrown repeatedly till a 'six" appears. Write down the sample space.

Also find the expected number of throws.
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numbers. What is the expected value of the product?

A number is selected at random from a set containing the first 100 natural numbers
and another number is selected at random from another set containing the first 200 natural
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Moidul draws 2 balls from a bag containing 3 white and 5 Red balls. He gets X

QL.
500 if he draws a white ball and X 200 if he draws a red ball. What is his expectation? If he is
asked to pay ¥ 400 for participating in the game, would he consider it a fair game and participate?
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A box contains 12 electric lamps of which 5 are defectives. A man selects three

X: nodf defechve  lamps
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lamps at random. What is the expected number of defective lamps in his selection?
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In a business venture, a man can make a profit of ¥ 50,000 or incur a loss of
¥ 20,000. The probabilities of making profit or incurring loss, from the past experience, are known
to be 0.75 and 0.25 respectively. What is his expected profit?
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