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1. CHAPTER INTRODUCTION

In our daily lives, we frequently use expressions that convey uncertainty, such as: *"It will probably rain heavily
tonight,"* *'There is a high chance that India will win the toss,"* or *'It is doubtful that the temperature will drop
below fifteen degrees."* Each of these statements indicates an element of uncertainty or chance. The terms

"probably,
likelihood of occurring.

chance," and "doubtful" suggest that while the outcome is not guaranteed, it possesses a measurable

**Probability** is the mathematical science that quantifies this uncertainty. It assigns a precise numerical value to
the likelihood of an event occurring, moving predictions from guesswork to structured data. Originally developed in
the 17th century to analyze games of chance, probability is now a core tool used across public health, weather
forecasting, financial investing, and artificial intelligence models.

_________________________________________________________________________________________________________________

%’ REAL-LIFE APPLICATIONS OF PROBABILITY

« Meteorology and Climate Forecasting: Weather models look at historical atmospheric conditions to
predict things like a "70% chance of rain,” which helps cities prepare for storm risks.

e Insurance and Risk Assessment: Actuaries use historical data and probability tables to assess health
and accident risks, which helps them calculate insurance costs fairly.

_________________________________________________________________________________________________________________
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2. DETAILED EXPLANATION OF CONCEPTS

I Understanding Random Experiments and Outcomes
To analyze probability mathematically, we must use precise terminology to define chance events:

« Random Experiment: An activity or operation that leads to one of multiple possible results, where the exact
outcome cannot be predicted with certainty beforehand.
Core Property: Even if we know all the possible results, we cannot pinpoint which specific result will occur on
any given trial.

* Outcomes: The individual results that can happen during a random experiment. For example, rolling a standard
six-sided die produces six possible outcomes: 1, 2, 3, 4, 5, or 6.

« Sample Space (S): The complete set containing **all possible outcomes** of a random experiment. It forms the
baseline area for all probability calculations.
* *Tossing a single coin:*S = {H, T} (where H is Heads and T is Tails).
e *Tossing two coins simultaneously:* S = {HH, HT, TH, TT}.

I Events and Equally Likely Conditions

« Event (E): A specific collection of outcomes chosen from the sample space that meets a particular condition. It
represents a subset of the sample space.
Example: When rolling a die, if we define Event A as "getting an even number," the favorable outcomes are {2,
4, 6}.

« Equally Likely Outcomes: Outcomes are considered equally likely if no single outcome has a higher chance of
occurring than any other. For instance, if a fair coin is balanced perfectly, getting Heads or Tails is equally likely.
I The Two Main Approaches to Probability

The current curriculum divides probability into two distinct approaches based on how the data is gathered:

A. Empirical (Experimental) Probability

This approach calculates probability based on the actual results of an experiment that has been performed multiple
times. It matches the ratio of favorable trials to the total number of trials conducted:

7

EMPIRICAL PROBABILITY EQUATION

Formula: P(E) = Number of trials in which the event happened / Total
number of trials performed
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B. Theoretical (Classical) Probability

This approach calculates probability based on logical reasoning, assuming all outcomes in the sample space are
equally likely, without needing to perform an actual physical experiment:

' )

THEORETICAL PROBABILITY EQUATION

Formula: P(E) = Number of outcomes favorable to Event E / Total number of
all possible outcomes in Sample Space S

The Scale and Core Properties of Probability

Every probability calculation must follow these strict mathematical rules:

» The Probability Scale Limit: The probability of any event will always be a value between **0 and 1** inclusive.
It can never be negative and can never be greater than 1:

0 <P(E) =1

* Impossible Event: An event that can never happen under any circumstances has a probability of **0**. For

example, rolling a 7 on a standard six-sided die.

 Sure (Certain) Event: An event that is guaranteed to happen has a probability of **1**. For example, rolling a
number less than 7 on a standard six-sided die.

* Sum of Complementary Events: The sum of the probabilities of an event happening P (E) and its complement
not happening P(not E) is always exactly **1**:

P(E) + P(E') =1
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3. IMPORTANT TERMS & DEFINITIONS

PROBABILITY
TERM

Random
Experiment

Sample Space

Event

Complementary

Event

Equally Likely

MATHEMATICAL DEFINITION

An activity where the results can be mapped, but
the exact outcome cannot be predicted beforehand.

The complete set containing all possible outcomes
of a random experiment.

A specific outcome or subset of outcomes pulled
from the sample space.

The opposite of a given event, representing the
event *not* occurring (written as E').

Outcomes that have the exact same mathematical
chance of occurring.
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KEY POINT TO REMEMBER

The experiment must be repeatable
under uniform conditions.

Forms the total count denominator
in classical probability.

Forms the favorable numerator
count in calculations.

Calculated easilyas: P(E"') =1
- P(E).

Required as a baseline condition to
use classical probability formulas.



CBSE Class 9 Mathematics | Probability (Latest Syllabus)

4. NCERT KEY POINTS

* The Law of Large Numbers Effect: As you increase the number of trials in an empirical experiment, the
experimental probability value moves closer and closer to the ideal theoretical probability value. For example,
flipping a coin 10 times might give 7 Heads, but flipping it 10,000 times will bring the ratio very close to 0.5.

* The Scale Bounds Rule: Probability can be written as a fraction, a decimal (e.g., @.45), or a percentage (e.g.,
45%). However, an answer can never be written as a negative number or a fraction where the numerator is
larger than the denominator (like 5/3).

* Sum of All Elementary Events: The sum of the individual probabilities of all elementary events in a sample
space always equals exactly **1**,
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5. TABLES & FLOWCHARTS

I Empirical vs. Theoretical Model Matrix

FEATURE EMPIRICAL (EXPERIMENTAL) THEORETICAL (CLASSICAL)

COMPARED PROBABILITY PROBABILITY

Data Depends completely on actual data logs Depends on logical assumptions about a

Dependency collected during an experiment. sample space.

Calculation Calculated as: Number of successful Calculated as: Favorable outcomes

Basis trials / Total trials conducted. / Total possible outcomes.

Consistency Can vary slightly every time a new set of trials Stays completely fixed and constant for a
is performed. given sample space setup.

CHANCE CALCULATION SELECTION FLOWCHART:

[ Identify the Target Chance Problem ]
v
Has an actual experiment been conducted?

v v
(Yes) (No)
| |
v v
[ Use Empirical Model ] [ Use Theoretical Model ]
Count how many times the Map out the total Sample Space,
event occurred, and divide count favorable outcomes, and
by the total number of trials. divide by total possible outcomes.
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6. DIAGRAMS & VISUAL REPRESENTATIONS

Tree diagrams are highly useful tools to map out sample spaces for sequential experiments without missing any

combinations:

TREE DIAGRAM MAPPING FOR TOSSING TWO COINS SIMULTANEOUSLY:

Start Position
— Heads (H) — Toss Coin 2 ——» Heads (H)
| L—» Tails (T)
L— Tails (T) — Toss Coin 2 ——>» Heads (H)
L—» Tails (T)

* Resulting Sample Space (S) = { HH, HT, TH, TT } -> Total count denominator
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7. MEMORY TRICKS (FAST LEARNING TECHNIQUES)

1. The "Part Over Whole" Fraction Hack

To remember how to structure any probability fraction, visualize a simple fraction box:

P(E) = What you WANT (Numerator) / What is POSSIBLE (Denominator)

The denominator represents the maximum possible boundaries of your sample space; it can never be smaller than
the numerator value.

2. Complementary Logic: "The Remainder Rule"

If you know the chance of an event happening is @.3, think of the remaining chance as a dollar amount. The
chance of it *not* happening is simply the remainder needed to reach a full dollar (1.0), whichis @.7.
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8. COMMON MISTAKES STUDENTS MAKE

I\ ERROR 1: REVERSING NUMERATORS AND DENOMINATORS IN FRACTIONS

The Mistake: Writing a probability answer as 3/2 because there are 3 total options and 2 favorable
outcomes, which incorrectly creates a probability greater than 1.

How to avoid it: Always check your answer. The larger number must **always go on the bottom** of the
fraction as the denominator. A probability value can never be greater than 1.

I\ ERROR 2: MISCOUNTING THE TOTAL SAMPLE SPACE FOR TWO COINS

The Mistake: Assuming that tossing two coins creates only 3 possible outcomes—two heads, two tails, or
one of each—which skips tracking the order of the coins.

How to avoid it: Remember that order matters. Flipping a Head then a Tail (HT) is a separate outcome from
flipping a Tail then a Head (TH). The true total count for the sample space is 4, not 3.
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9. QUICK REVISION NOTES

« Probability Definition: A numerical scale from 0 to 1 that measures the likelihood of an event occurring.
* Impossible Event: P(E) = 0. Certain Event: P(E) = 1.

» Scale Range Condition: Probability must satisfy @ < P(E) < 1. Negative values or values greater than 1 are
impossible.

« Complementary Events Rule: The probability of an event happening plus the probability of it not happening
always equals exactly 1 (P(E) + P(E') = 1).

- Sample Space Layout: Ensure you list every possible order combination when mapping sample spaces for
multiple coins or dice.

Page 11



CBSE Class 9 Mathematics | Probability (Latest Syllabus)

10. ONE-PAGE SUMMARY

This chapter provides a clear framework for calculating the likelihood of chance events using experiments or logical
reasoning:

[Image of probability scale line from 0 to 1 showcasing impossible, unlikely, equally likely, likely, and certain
thresholds]

PROBABILITY METRIC GOVERNING EQUATION LAYOUT SCALE THRESHOLD RULE

TYPE

Empirical Value Trials where event occurred / Varies based on experimental results.
Total trials

Theoretical Value Favorable outcomes / Total Assumes all outcomes are equally
sample space likely.
Impossible Limit P(E) = 0 The event cannot happen under any

circumstances.

I}
=

Certain Limit P(E) The event is guaranteed to happen.

Complement Balance P(not E) =1 - P(E) Calculates the chance of an event
*not* happening.
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11. MIND MAP

Introduction to Probability Core Structure

1. Boundary Components

— Random Experiment: Activity with uncertain individual results

— Outcomes: The individual results that can happen

L— sample Space (S): The complete set containing all possible outcomes

— Empirical: Based on the results of actual experimental trials
L

b—

|

|

|

|

F— 2. Calculation Models
|

| Theoretical: Based on counting favorable outcomes in a sample space
|
L

3. Scale Rules & Conditions

— Range Constraint: Values must stay strictly between © and 1 (0 < P(E) < 1)
— Limits: Impossible events equal 0; completely certain events equal 1
L— Ccomplementary Rule: P(Event happening) + P(Event NOT happening) = 1
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12. EXAM-ORIENTED IMPORTANT NOTES

« Write Your Fraction Answers in Simplest Form: When calculating probabilities, always simplify your final
fraction answer to its lowest terms (e.g., reduce 4/6 to 2/3) to ensure you earn full marks on exams.

» Card Deck Problems: Make sure you know the standard composition of a deck of cards before your exam: 52
total cards divided into 4 suits (Spades, Hearts, Diamonds, Clubs) of 13 cards each, containing 26 red cards, 26
black cards, and 12 total face cards (Jacks, Queens, Kings).
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