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1. CHAPTER INTRODUCTION

An equation is a statement of equality between two mathematical expressions containing one or more unknown
guantities called variables. When an equation forms a relationship where the maximum exponent power of any
variable is exactly **one**, it is classified as a **Linear Equation**. This chapter expands your knowledge from
linear equations in one variable to a system containing two independent variables (x and y). Moving to two
variables unlocks the ability to model dynamic relationships on a coordinate grid, translating pure numbers into
straight-line trajectories.

Linear equations in two variables are foundational for coordinates, optimization, and real-life data tracking. They
bridge pure algebra and coordinate geometry, providing the essential math toolkit needed to analyze multivariable
equations and functions in higher-level studies.

';f REAL-LIFE APPLICATIONS OF TWO-VARIABLE SYSTEMS

» Cost Structures & Bills: Calculating total costs consisting of a fixed base rate plus a variable usage rate
(e.g., electricity bills, cab fares based on a base rate plus mileage) forms a classic linear relationship.

* Sports Analytics: Representing target score systems where total points depend on two different scoring
paths (e.g., tracking a cricket team's score via boundaries and singles) is modeled precisely by two-
variable linear equations.

_________________________________________________________________________________________________________________
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2. DETAILED EXPLANATION OF CONCEPTS

I Anatomy of a Two-Variable Linear Equation

A linear equation in two variables describes a relationship between two changing quantities where neither variable
is multiplied by itself or by the other variable. Let us establish the core definitions:

« Variable: An alphanumeric placeholder symbol, typically x and y, used to represent unknown quantities whose
values can change independently.
« Constant: A fixed numerical value that remains completely unchangeable throughout a mathematical system.
» Standard Form: Any linear equation in two variables can be systematically arranged and expressed in the
standard form:
ax + by + c =0

Where a, b, and c are real numbers, and crucially, a and b **cannot both be zero** simultaneously
(mathematically written as a2 + b2 # 0).

I Solutions of Linear Equations

A **solution** of a linear equation in two variables is a pair of numbers—one for x and one for y—that satisfies the
equation, making the Left-Hand Side (LHS) equal to the Right-Hand Side (RHS).

» Ordered Pairs: Solutions are written as an ordered pair inside brackets: (x, y). The x-coordinate is always
written first, followed by the y-coordinate.

« Infinite Number of Solutions: Unlike a linear equation in one variable (which has a unique single solution), a
linear equation in two variables possesses **infinitely many solutions**. This is because for every individual real
number you choose to substitute for x, there will always be a corresponding unique value of y that satisfies the
equation.

I Graph of a Linear Equation in Two Variables

The geometric representation of a linear equation in two variables is a continuous **straight line** on a two-
dimensional grid known as the **Cartesian Plane**.

To plot this line, we find multiple solution coordinate pairs, locate those points on the grid using the X-axis
(horizontal) and Y-axis (vertical) intersecting at the Origin (0,0), and connect them with a straight line. Every single
point (x, y) that lies on this line is a valid solution to the equation, and conversely, every valid solution corresponds
to a point located on this line.

GRAPHICAL REPRESENTATION AND SOLUTIONS IN THE CARTESIAN PLANE:
Equation plotted: x + y = 4

Page 3



CBSE Class 9 Mathematics | Chapter 5 Linear Equations

(0,4)

24+ \ Line trajectory
| (4,0)— X

-4 -2 | o

«A—F—N——"» <

* The points (4,0) and (0,4) are solutions. Every point on this line satisfies x + y = 4.
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3. IMPORTANT TERMS & DEFINITIONS

TERMINOLOGY MATHEMATICAL DEFINITION STUDENT-FRIENDLY EXPLANATION

Variable

Constant

Linear Equation

Ordered Pair

Solution of

Equation

Cartesian Plane

Origin

Coordinate

An alphanumeric symbol used to represent a
changing or unknown quantity.

A quantity that preserves a fixed, completely
unchanging numerical value.

An algebraic equation where the highest
exponent degree of any variable is 1.

A pair of numbers written in a set sequence
inside brackets: (x, y).

An ordered pair values that satisfies the
mathematical condition LHS = RHS.

A two-dimensional coordinate surface defined
by two perpendicular intersecting axes.

The intersection point (0,0) where the X-axis
and Y-axis cross.

The magnitudes indicating a point's position
along coordinate axes.
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A letter like x or y whose value can vary in
an equation.

A plain number in an equation that stays
exactly the same, like 5 or -9.

An equation whose terms only contain
variables raised to the power of 1.

A pair of numbers used to locate a
specific point on a graph.

A specific pair of inputs that makes the
equation evaluate to a true statement.

Aflat grid system used to plot points and
graph mathematical lines.

The zero starting point of a graph where
all coordinates begin.

The address numbers telling you how far
to move across and up on a grid.
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4. NCERT KEY POINTS

« Structural Flexibility Rule: An equation can have one or two variables and still be written in the two-variable
standard form ax + by + ¢ = 0. For example, the one-variable equation 3x = 5 can be rewritten as 3x +
@y - 5 = 0.

« Geometric Trajectory Law: The graph of every single linear equation in two variables always forms a **straight
line**. If your plotted points do not line up perfectly, a calculation error has occurred.

e Axis Boundary Line Equations:
> The equation of the horizontal X-axis is strictly writenasy = 0.

> The equation of the vertical Y-axis is strictly written as x = 0.

* Parallel Line Profiles:
> The graph of an equation of the form x = k is a straight line **parallel to the Y-axis**.

> The graph of an equation of the form y k is a straight line **parallel to the X-axis**.

* The Origin Pass Rule: Any linear equation that does not contain a constant term (i.e., of the formy = mx or
ax + by = 0) will always pass directly through the **Origin (0,0)**.

¢ HIGH-VALUE THEORY EXTRACTION

An equation remains unchanged when you add or subtract the same number on both sides, or when you
multiply or divide both sides by the same non-zero number. This allows you to isolate variables cleanly
without altering the underlying relationship.
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5. TABLES & FLOWCHARTS

I Equation Form Summaries

EQUATION FORM TYPE STANDARD NUMBER OF GRAPHICAL SHAPE | PATH
NOTATION SOLUTIONS PROFILE

Linear Equation in One ax + b =20 @ Unique (Exactly 1 A single point on a number line.

Variable Solution)

Linear Equation in Two ax + by + c =0 oo Infinitely Many A continuous straight line on a

Variables Solutions grid.

STEP-BY-STEP FLOWCHART: PLOTTING THE GRAPH OF A LINEAR EQUATION

[ Start with Equation: ax + by + ¢ = 0 ]
|
v
[ Express y in terms of x: y = (-ax - ¢)/b ]
|
v
[ Substitute an integer value for x (e.g., x = 0) ]

v
[ Calculate the corresponding value of y ]

v
[ Repeat to find at least 3 distinct solution points: (Xi,Y1), (Xz2,¥Y2), (X3,y¥3) 1]

v
[ Plot these coordinate points on the Cartesian Plane ]

v
[ Draw a straight line through the points and extend it on both sides ]
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To accurately locate points on the grid, you must follow the correct directions along the perpendicular axes from the

starting point at the origin:

CARTESIAN PLANE COORDINATE SYSTEM AND QUADRANTS MAP:

Y-Axis (Vertical)
A

Quadrant II Quadrant I

(+x, +y)

»

|
|
('XI +y) |
|
;

(0,0) Origin
Quadrant III | Quadrant IV
('Xr 'y) (+Xr 'y)

|
|
v
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7. MEMORY TRICKS (*JALDI YAAD KARNE KE TAREEKE?*)

1. Axis Coordinate Trick: "Who is Zero?"

Students often mix up which variable is zero on the coordinate axes. Remember this simple rule:

* If you are sitting on the **X-axis**, you have zero vertical height, soy = 0.
* If you are sitting on the **Y-axis**, you have zero horizontal distance, so x = 0.

» The axis name tells you which variable **survives** with a number; the other variable is always zero!

2. Parallel Orientation Memory Hack

* An equation containing **only X** (x = k) cuts the X-axis and runs **parallel to the Y-axis**.

* An equation containing **only Y** (y k) cuts the Y-axis and runs **parallel to the X-axis**.
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8. COMMON MISTAKES STUDENTS MAKE

I\ ERROR 1: REVERSING COORDINATES IN AN ORDERED PAIR

The Mistake: Plotting the solution pair (2, 5) by moving 5 units along the horizontal axis and 2 units up, which
actually plots the point (5, 2).

How to avoid it: Remember that coordinates are written in alphabetical order: (x, y). Always move
horizontally along the X-axis first, then vertically along the Y-axis.

I\ ERROR 2: SIGN ERRORS DURING CONSTANT TRANSPOSITION

The Mistake: Forgetting to invert operational signs when moving terms across the equals sign (e.qg., rewriting
2x +y = 4asy = 4 + 2xinsteadofy = 4 - 2x).

How to avoid it: Treat the equals sign as a gate that flips operations: addition turns into subtraction, and
multiplication turns into division when a term moves to the other side.

Page 10



CBSE Class 9 Mathematics | Chapter 5 Linear Equations

9. QUICK REVISION NOTES

» Standard Form Formula: ax + by + ¢ = 0, where q, b, ¢ are real numbers and a2 + b2 # 0.

« Alinear equation in two variables always has **infinitely many solutions**.

» The graph of a two-variable linear equation is always a continuous **straight line**.

< Any point that satisfies the linear equation will lie directly on its line graph.

* Equations of the form y = mx have no constant term and always pass through the **Origin (0,0)**.

*x = k forms a line parallel to the Y-axis; y = k forms a line parallel to the X-axis.
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10. ONE-PAGE SUMMARY

Linear equations in two variables create a direct link between algebraic properties and straight-line graphs on a
Cartesian plane:

[Image of graph of a linear equation showing the straight line and its solution coordinates]

CORE ALGEBRAIC GOVERNING MATHEMATICAL KEY PROPERTY NOTE

CONCEPT RULE

Standard Form ax + by + c =10 a and b cannot both equal zero.

Solution Structure Ordered Pair (x, y) An infinite number of solution pairs exist.

Graph Profile Continuous straight line Cuts the X-axis at y=0 and the Y-axis at
x=0.

Origin Profile ax + by = 0 (No constant term c) The line always passes through the origin
(0,0).
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11. MIND MAP

Linear Equations in Two Variables

— 1. Algebraic Definition

— Standard Form Structure: ax + by + ¢ = 0

— Parameter Limits: a, b, c are Real numbers; a and b != 0 together

L— Component Profile: 2 independent variables with an exponent degree of 1

2. Solution Systems

— Notation: Written as an ordered pair (x, y)

— Quantity: Possesses an infinite number of unique solutions

L— verification: Substituting values satisfies the condition LHS = RHS

3. Coordinate Graphing

— Geometric Output: Forms a continuous straight line on a grid

— Axis Anchors: Horizontal line (y = k), Vertical line (x = k)

L— Origin Trajectory: Equations of the form y = mx pass through (0,0)

R N

4. Modeling Real-Life Situations
— variable Mapping: Assigning x and y to independent real quantities
L— Systems: Converting word problems into standard linear equations
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12. EXAM TIPS

« Calculate Three Points for Safety: While you only need two points to draw a line, **always calculate a third
point** as a check. If all three points do not form a perfect straight line, you have made a calculation error. This
is a simple way to protect your marks.

 Label Your Graphs Fully: When drawing a graph, remember to label the X and Y axes, mark the origin (0,0),
write the coordinate coordinates next to each point, and write the original equation along the line. Clear
presentation helps secure full marks from examiners.

* Double-Check Zero Intercepts: The easiest way to find solutions for graphing is to find where the line crosses
the axes. Substitute x = 0 to find the y-intercept, then substitute y = @ to find the x-intercept. This provides
clean, reliable points for your graph.
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