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CONCEPT QUICKSTART - Symmetric and Skew Symmetric
Matrices

Unit: Unit 3: Matrices

Subject: For CBSE Class 12 Mathematics

SECTION 1: UNDERSTANDING THE CONCEPT

In the study of higher algebra, the classification of matrices based on their internal structure
is a critical strategic tool. Identifying whether a matrix is symmetric or skew-symmetric allows
us to simplify complex matrix operations and provides a foundation for advanced
transformations. As noted in the NCERT Introduction (Page 34), matrices are not just grids of
numbers; they represent physical operations like magnification, rotation, and reflection
through a plane. By recognizing patterns of symmetry, we move beyond basic calculation and
begin to treat matrices as predictable geometric objects. This structural awareness is
essential for developing compact methods to solve systems of linear equations and is a
cornerstone of modern cryptography.

1.1 What Are Symmetric and Skew Symmetric Matrices?

The "Big Idea" here is the concept of a "mirror image" across the principal diagonal (the line of
elements running from the top-left to the bottom-right).

e Symmetric Matrix: Imagine the principal diagonal is a mirror. If the elements on one
side are perfectly reflected on the other side, the matrix is symmetric. Mathematically,
this means the matrix is equal to its transpose (AT = A). This implies ajj = aji for all
possible values of i and j.

o Skew-Symmetric Matrix: In this case, the reflection is a "negative" mirror image. The
elements are mirrored, but their signs are flipped. This results in the matrix being equal
to its negative transpose (AT = -A). This implies ajj = -aji for alli and j.

Crucial Requirement: A very common mistake is thinking any matrix can be symmetric.
However, for every element ajj to have a corresponding aji, the matrix must be a Square
Matrix (where the number of rows m equals the number of columns n, as defined in NCERT
Section 3.3, Page 39). If it is not square, the diagonal "mirror" does not exist!

1.2 Why It Matters

Identifying these matrices is a vital skill for both your Board exams and competitive tests like
JEE. In physics, symmetric matrices describe how objects rotate or reflect in space. In data
science and economics, these structures help model complex relationships between
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variables efficiently. In your upcoming Determinants chapter, you will find that these
properties help solve problems in seconds that would otherwise take minutes.

1.3 Prior Learning Connection
To master this topic, you need to be comfortable with three specific building blocks:

e Order of a Matrix (NCERT Page 36): You must be able to identify the m x n structure.
Since symmetry only exists for square matrices (m = n), checking the order is your first
safety step.

o Transpose of a Matrix: The entire definition of symmetry relies on AT (interchanging
rows and columns). If you can transpose accurately, you've already won half the battle.

e Scalar Multiplication (NCERT Page 44): Specifically, multiplying a matrix by -1 or 1/2.
This is used constantly when verifying skew-symmetry or splitting a matrix into its
symmetric and skew-symmetric parts.

1.4 Core Definitions
These are the formal pillars of the topic as presented in the NCERT curriculum:
o Definition of Symmetric Matrix
o NCERT Reference: Standard Type (follows Section 3.3 Square Matrix properties)
o Definition: A square matrix A = [ajj] is symmetric if AT = A.

o Used In: Verification problems and finding the "P" part of a matrix
decomposition.

o Definition of Skew-Symmetric Matrix
o NCERT Reference: Standard Type (follows Section 3.3 Square Matrix properties)
o Definition: A square matrix A = [ajj] is skew-symmetric if AT =-A.

o Used In: Identifying matrices with zero diagonals and finding the "Q" partof a
matrix decomposition.

e Theorem 1: The Symmetry Theorem

o Definition: For any square matrix A with real number entries, (A + AT)is a
symmetric matrix and (A - AT) is a skew-symmetric matrix.

o Used In: Proving properties of matrices in short-answer questions.
e Theorem 2: The Decomposition Theorem

o Definition: Any square matrix can be expressed as the sum of a symmetric and
a skew-symmetric matrix: A= 1/2(A + AT) + 1/2(A - AT).
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o UsedIn: Long-form "Express as a sum" questions.

The internal logic of symmetry is consistent: itis all about how a matrix relates to its own
transpose. Now, let’s look at how NCERT observes these rules in practice.

SECTION 2: WHAT NCERT SAYS

The NCERT pedagogical approach builds your confidence by starting with basic definitions of
matrix types (Page 39) before moving into operations like addition and scalar multiplication
(Page 44). The goal is to show you that complex properties always grow out of simple rules.

2.1 Key Statements and Observations
1. The Square Constraint: A matrix must be square (m = n) to possess symmetry.
2. The Equality Rule: For symmetry, every ajj must equal its "mirror" aji.
3. The Sign-Flip Rule: For skew-symmetry, ajj = -a;i.

4. The Zero-Diagonal Rule: In a skew-symmetric matrix, all diagonal elements must be
zero (aii = 0).

Don't worry, let's look at the "Baby Step" algebra to see why this is true:
o Start with the skew-symmetric condition for diagonal elements: aii = -aii
e Move -aji to the other side: aji+ aii=0
e Thisgivesus:2aiji=0
e Therefore: aji=0

e Conclusion: If you see a non-zero number on the diagonal, it can't be skew-
symmetric!

2.2 Examples and Exercises

e The "Sum of Matrices" Family (Logic from NCERT Ex. 3.3, Q10): This asks you to
express a matrix B as the sum of a symmetric and a skew-symmetric matrix.

o Skill: Full application of Theorem 2 and scalar multiplication by 1/2.
o High-Yield Why: This is the most common 4-mark question in CBSE Boards.

o Verification Patterns (Logic from NCERT Ex. 3.3, Q7-Q8): These ask you to "Show
that" (A + AT) is symmetric.

o Skill: Matrix addition and property verification.

© ScorelLab by Profsam.com

Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in
Physics, Chemistry, and Mathematics.



K scoreLab

o High-Yield Why: It tests if you understand the fundamental definition of a
symmetric matrix.

Exercise Ranges:
o Exercise 3.3, Q1-Q6: Foundational. Focus on transposes and order. (Difficulty: Easy)

o Exercise 3.3, Q7-Q9: Verification. Proving symmetry for specific matrices. (Difficulty:
Medium)

e Exercise 3.3, Q10: The "Sum of Matrices" family. Critical for exam prep. (Difficulty:
Hard)

Theory provides the "what," but the next section will give you the practical "how" to solve
these problems without losing marks.

SECTION 3: PROBLEM-SOLVING AND MEMORY

Success in this topic depends on the Problem Family methodology. When you recognize
structural cues in a question, you can select the correct "Method Blueprint" immediately.

3.1 Problem Families
e Problem Type: The Verification Family

o Structural Goal: Prove a resulting matrix follows symmetry or skew-symmetry
rules.

o Recognition Cues: "Show that," "Verify," or "Prove."

o What You're Really Doing: Finding the transpose of the entire result and
comparing it to the original.

o NCERT Reference: Exercise 3.3, Q7, Q8.

e Problem Type: The Expressive Sum Family
o Structural Goal: Decompose a single matrix into two specific components.
o Recognition Cues: "Express as a sum of," "Write A=P +Q."

o What You're Really Doing: Using Theorem 2 to create a symmetric part (P) and a
skew-symmetric part (Q).

o NCERT Reference: Exercise 3.3, Q10.
3.2 Step-by-Step Methods

Type: Expressing a Matrix as a Sum — Solution Method
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"Okay, let's look at this method together. (& This is a very common NCERT pattern, so don't
worry, we have a clear blueprint for this!"

e Step 1: Pre-Check — Check the Order

o Look atthe matrix A. Count the rows (m) and columns (n).

o Condition: m must equal n.

o Example:IfAis3x3,thenm=3andn=3. Check satisfied.
e Step 2: Setup —Find AT

o Interchange all rows with columns. Be careful with signs!
o Step 3: Transform (Symmetric) — Calculate P

o Usethe formula: P=1/2(A +AT)

o Firstadd A and AT, then multiply every element by 1/2.
o Step 4: Transform (Skew-Symmetric) — Calculate Q

o Usethe formula: Q =1/2(A-AT)

o A Common Mistake: Forgetting the negative sign during subtraction.

o Do this instead: Use brackets. If subtracting -3, write it as aj; - (-3) = ajj+ 3.
e Step 5: Conclude — The Final Sum
o Write the finalresultasA=P + Q.
3.3 How to Write Answers
Now let's see exactly how to write this in the format CBSE examiners expect for full marks:
Answer Template:
e L1 (Setup): Given matrix A = [Matrix]. Finding AT = [Matrix].

e L2 (Formula): We know that any square matrix can be expressed as A=P + Q, where P
=1/2(A+AT)and Q= 1/2(A - AT).

e L3(Calculation): Let P = 1/2 ([Matrix A] + [Matrix AT]) = [Resulting Matrix P].

e L4 (Calculation): Let Q = 1/2 ([Matrix A] - [Matrix AT]) = [Resulting Matrix Q].

e L5 (Verification): Show PT=Pand QT =-Q.

o L6 (Final Result): Since P + Q = A, the required expression is [Matrix P] + [Matrix Q].

Essential Phrases:
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e "Since AT =A, therefore A is a symmetric matrix."
e "Since aii=0andAT = -A, therefore A is a skew-symmetric matrix."
e "By Theorem 2, we can express A as the sum..."
3.4 Common Mistakes
o Pitfall1: The Double Negative Trap
o Category: Algebra
o Wrong:5-(-2)=3

o V Fix:5-(-2)=5+2=7. Always use brackets when subtracting negative
elementsin (A-AT).

o Pitfall 2: The Forgotten Scalar
o Category: Logic
o Worong: Only calculating (A + AT) and calling it P.

o Vv Fix: You must multiply by 1/2. Write the 1/2 outside the bracket immediately
to remind yourself.

o Pitfall 3: Diagonal Denial
o Category: Logic

o Wrong: Claiming a matrix is skew-symmetric even if the diagonal has non-zero
numbers.

o V Fix: Check the diagonalfirst! If it's not all zeros, it cannot be skew-symmetric.
3.5 Exam Strategy

When you open your exam papetr, look for the "Express as a sum" question—itis a
"guaranteed marks" item if you follow the blueprint. Start by finding AT carefully. If a question
asks you to find missing values (x or y) for a symmetric matrix, just set the "mirror" elements
equal to each other (ajj = aji) and solve the simple equation.

3.6 Topic Connections

o Forward Links: These properties are critical in Determinants. A very useful fact you
will learn later is that the determinant of an odd-order skew-symmetric matrix is
always zero!

e Applications: As mentioned on NCERT Page 34, these structures are used to
mathematically represent reflections and rotations in geometry and computer
graphics.

© ScorelLab by Profsam.com
Designed to help CBSE Class 12 students improve conceptual clarity and score up to 30% more marks in
Physics, Chemistry, and Mathematics.



K scoreLab

3.7 Revision Summary
e Symmetric: Matrix is its own mirror image (AT = A).
o Skew-Symmetric: Matrix is a negative mirror image (AT = -A).
e Zero Diagonals: Skew-symmetric matrices must have aji=0.
e Theorem2: A=1/2(A+AT)+1/2(A-AT).
e Square Only: These properties only apply to n x n matrices.
¢ Mnemonic: "Symmetric = Same, Skew = Sign-flip."

e Memory Aid: Think of Symmetric as Standing still, and Skew as Switching signhs!
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