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CONCEPT QUICKSTART - Invertible Matrices

Unit: Unit 3: Matrices

Subject: For CBSE Class 12 Mathematics

SECTION 1: UNDERSTANDING THE CONCEPT

In the world of mathematics, matrices are not just static tables of numbers; they are dynamic,
functional tools. To truly master matrix algebra, we must look beyond basic addition and
understand the strategic importance of the Invertible Matrix. Think of the "inverse" as the
matrix version of a reciprocal or division in real-number arithmetic. Just as dividing by 5 is the
same as multiplying by 1/5 to get back to 1, an invertible matrix allows us to "undo" a matrix
operation. This concept transforms your view of matrices from simple data storage into a
powerful engine for solving systems of linear equations.

1.1 What Is An Invertible Matrix? The "Big Idea" behind an invertible matrix is partnership. A
square matrix is considered invertible if it has a specific "partner" matrix which, when
multiplied together in any order (AB or BA), results in the ldentity Matrix (I).

o Insight Layer: Itis crucial to remember that not every matrix has an inverse. In real
numbers, only zero lacks a reciprocal. However, in matrix algebra, even non-zero
matrices might fail to have an inverse if they don't meet specific conditions.

« Correction: Do not confuse the "inverse" (A~") with the "transpose" (AT). Also, finding
aninverse is not as simple as taking the reciprocal of individual elements (e.g.,
changing 2 to 1/2 inside the brackets). Itis a functional relationship between two entire
matrices.

1.2 Why It Matters Invertible matrices are the backbone of higher mathematics and modern
technology. According to the NCERT curriculum, they are essential for:

o Solving Linear Equations: Representing coefficients to solve for variables in the form
AX =B.

e Cryptography: Encoding and decoding secure messages where the inverse acts as the
llkey‘ﬂ

e Computer Graphics: Handling operations like magnification, rotation, and reflection.

1.3 Prior Learning Connection To master inverses, you must be comfortable with these three
pillars from your earlier NCERT studies:

1. Square Matrices: Inverses only exist for matrices where the number of rows (m)
equals the number of columns (n).
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2. Matrix Multiplication: Since the definition depends on AB = BA =1, you must be
perfect at the "Row x Column" multiplication method.

3. Identity Matrix (I): This is the "target" result. It acts like the number 1 in normal
multiplication.

1.4 Core Definitions These theoretical foundations are the primary tools for solving Board
Exam questions:

o [Definition of Invertible Matrix]
o NCERT Reference: Section 3.7

o Definition: If Ais a square matrix of order m, and if there exists another square
matrix B of the same order m, such that AB = BA =1, then B is called the inverse
matrix of A and it is denoted by A~". In that case, A is said to be invertible.

o Used In: Verification problems and determining if a matrix "partner" exists.
e [Theorem 1: Uniqueness of Inverse]
o NCERT Reference: Theorem 1

o Definition: Inverse of a square matrix, if it exists, is unique. (A matrix cannot
have two different inverses).

o Used In: Theoretical proofs and conceptual True/False questions.
e [Theorem 2: Inverse of a Product]
o NCERT Reference: Theorem 2

o Definition: If A and B are invertible matrices of the same order, then (AB)™" =
B'A™.

o Used In: Simplifying complex matrix equations.

These theoretical definitions are codified in the official NCERT syllabus to ensure students
understand the "why" before the "how."

SECTION 2: WHAT NCERT SAYS

The NCERT curriculum focuses heavily on the conditions for existence and the uniqueness of
the inverse. This is because, unlike real numbers, matrix multiplication depends on order and
the specific structure of the matrix.

2.1 Key Statements Here are the essential rules to remember, simplified for exam readiness:

e The Square Rule: Only square matrices can have an inverse. A rectangular matrix (m x
n where m # n) cannot have an inverse because for AB and BA to be defined and equal,
the matrices must be square and of the same order.
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e The Commutative Exception: Generally, AB # BA. However, if B is the inverse of A,
then AB and BA will both resultin .

e The Existence Rule: A matrix A is invertible only if a specific condition (related to its
determinant, which you will study later) is met.

2.2 Examples and Exercises Mastering these specific patterns will ensure you are ready for
the 4-mark and 6-mark "Long Answer" questions:

o Example 23 (Verification): Focuses on showing that two given matrices are inverses of
each other by checking if AB = I.

« Example 24 & 25 (Calculation): These are high-yield patterns showing how to find A~
using elementary operations. These are "staple" board exam questions.

o Exercise 3.4: This is the most important exercise for this topic. Questions 1-17 focus
on finding the inverse of 2 x 2 and 3 x 3 matrices.

Exercise Mapping:

o Exercise 3.4, Questions 1-14: Practice these for 2 x 2 matrices. They are excellent for
building speed.

o Exercise 3.4, Questions 15-17: Practice these for 3 x 3 matrices. These are usually
the 6-mark questions in CBSE boards.

While NCERT provides the theory, solving these under exam pressure requires a structured
"Problem Family" approach to avoid panic.

SECTION 3: PROBLEM-SOLVING AND MEMORY

Mastering Invertible Matrices is about pattern recognition. By categorizing questions into
"Families," you can bypass the "where do | start?" panic and move straight to the solution.

3.1 Problem Types
e Problem Type 1: The Verification Family
o Structural Goal: Prove that Matrix B is the inverse of Matrix A.
o Recognition Cues: "Show that," "Verify if B is the inverse," or "Check if AB = |."

o What You're Really Doing: Performing standard matrix multiplication to see if
the resultis I.

o Confusable Types: Don't confuse this with finding the inverse from scratch;
here, both matrices are already provided.

e Problem Type 2: The Calculation Family (Elementary Operations)

o Structural Goal: Use transformations to find A~" when only matrix A is given.
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o Recognition Cues: "Using elementary transformations," or "Find the inverse
using row operations."

o What You're Really Doing: Systematically changing matrix A into |, while
performing the same changes on a side-identity matrix.

3.2 Step-by-Step Methods: Elementary Row Operations Don't worry, this is easier than it
looks if you follow these baby steps. Let’s look ata 2 x 2 example: A=[[1, 2], [3, 7]1]-

e Step 1: Setup — Write A=1A.[[1, 2], [3, 7]] =[[1, O], [0, 1]]A

o Step 2: Apply — Transform the left side to I. Our goal is to get [[1, 0], [0, 1]] on the
left.

o Operation 1: R, > R, - 3R, (to get a 0 in the first column, second row). LHS R,: 3 -
3(1)=0and 7-3(2)=1.RHSR,: 0-3(1) =-3and 1 - 3(0) = 1. New Equation: [[1,
2],10,1]1=[[1, 0], [-3, 1]]A

o Operation 2: R, > R, - 2R, (to get a 0 in the first row, second column). LHSR;: 1 -
2(0)=1and2-2(1)=0.RHSR;: 1-2(-3)=7and 0-2(1) =-2. New Equation: [[1,
0]: [09 1]] 3 [[7: '2]’ ['3’ 1]]A

o Step 3: Conclude — Identify A~'. Now that the left side is |, the matrix on the right is
your answer! A~ =[[7, -2], [-3, 1]]

e When NOT to Use: If a row of all zeros appears on the left side during operations, the
inverse does not exist.

3.3 How to Write Answers Use this template to ensure you get full marks from CBSE
examiners:

1. L1 (Property): "For B to be the inverse of A, we must have AB=BA=1."
2. L2 (Calculation): Show the product AB line-by-line. (e.g., 1(7) + 2(-3) =7 -6 =1).

3. L3 (Conclusion): "Since the product results in the Identity Matrix (I), B is the inverse of
A.II

3.4 Common Mistakes (Pitfalls)
o Pitfall 1: Mixing Row and Column Operations
o Category: Logic
o Wrong: Using R, > R, - R, and then C, > C, - C, in the same problem.

o v Fix: Stick to one! If you start with Row operations, you must finish with Row
operations.

o Pitfall 2: Arithmetic Slip-ups
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o Category: Calculation
o Wrong: Mistakes in signs while doing R, - 3R, (the #1 cause of lost marks).

o ¥ Fix: Write out the side calculation for every single element, as shown in Step
2 above.

3.5 Exam Strategy In CBSE boards, these questions are common. Master "Verification" first
to build confidence. For "Calculation" questions, start with 2 x 2 matrices before moving to
the 3 x 3 ones. If you are stuck in a 3 x 3 row operation, double-check your very first step; a
single sign error there ruins the whole matrix.

3.6 Topic Connections This is your bridge to Determinants and the Adjoint of a Matrix.
Later, you will learn a formula (A" = adj A/ |A|) that is much faster than row operations, but
you must understand this foundation to use that shortcut correctly.

3.7 Revision Summary
. Square? Only square matrices have inverses.

. Checklist: Before starting, check if any row is a multiple of another (if so, inverse
might not exist).

. Target: AxA™" =1,
. Order: (AB)™"'=B'A"".

. Row Rule: If you see a row of zeros (0, 0, 0) appear, stop! The inverse does not
exist.

. Checklist Mnemonic: "Square? Yes. No Zero Rows? Yes. Proceed! '«

Next time you see: "Find the inverse using elementary transformations," you know exactly
what to do!
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