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CONCEPT QUICKSTART - Minors and Cofactors

Unit: Unit 4: Determinants

Subject: For CBSE Class 12 Mathematics

SECTION 1: UNDERSTANDING THE CONCEPT

Minors and cofactors are the essential strategic tools that transform how we handle
determinants. While we start our journey by simply calculating the "value" of a determinant,
these concepts serve as the vital bridge to advanced matrix algebra. Without mastering
minors and cofactors, finding the Adjoint or the Inverse of a matrix becomes impossible.
Think of cofactors as the individual "cells" or "building blocks" that make up the Adjoint
matrix. Once you have these building blocks, you can perform the "Transpose" step required
for the Adjoint, which finally lets you find the Inverse. This path is the only way to solve the
complex systems of equations found in higher-level engineering and economics.

1.1 What Are Minors and Cofactors? The "Big Idea" here is decomposition: we are breaking
down a large, intimidating 3x3 determinant into smaller, manageable 2x2 pieces. Itis a very
common mistake to think a Minor is just a single leftover number. In reality, a Minoris a
determinant itself. We create it by simply "hiding" the row and column of a specific element.
Cofactors then take that Minor and apply a specific "sign" (plus or minus) based on the
element's address.

1.2 Why It Matters These concepts are the "engine room" of Linear Algebra. According to the
NCERT syllabus, they are indispensable for finding the Inverse (A™"). In the professional
world, calculating inverses is critical for solving systems of linear equations used in physics
simulations and economic modeling. If you can find a cofactor, you can build an Adjoint; if
you have an Adjoint, you can find an inverse; and with an inverse, you can solve for any
unknown variable!

1.3 Prior Learning Connection To succeed with this topic, you only need to be comfortable
with two simple things:

o Expansion of 2x2 Determinants: You must remember that for a 2x2 grid, the value is
ad — bc. Since every 3x3 Minor is actually a 2x2 determinant, mastering this "small"
expansion is the only way to survive the "big" 3x3 ones.

o Matrix Element addresses (aij): You need to know that i represents the row and j
represents the column. This "address" is your map; it tells you exactly which row and
column to delete to find your Minor.

1.4 Core Definitions These definitions are the official "grammar" for all rules set by NCERT:
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e Minor (Mj)
o NCERT Reference: Section 4.4, Definition 1

o Definition: The determinant obtained by deleting the i-th row and j-th column in
which the element ajj lies.

o NCERT Remark: The Minor of an element of a determinant of order n (where n =
2) is always a determinant of ordern — 1.

o Used In: All determinant expansions and calculating cofactors.
e Cofactor (Aj)
o NCERT Reference: Section 4.4, Definition 2
o Definition: Aj=(-1)"* Mj
o Used In: Finding Adjoints, Inverses, and expanding 3x3 determinants.

If you follow these formulas exactly, you are following the official path to success in your
CBSE board exams.

SECTION 2: WHAT NCERT SAYS

The NCERT textbook is the official "Gold Standard" for the CBSE board. Okay, let's look at this
together: following NCERT’s terminology and step-by-step logic is the only way to guarantee
full marks. Examiners are specifically trained to look for these definitions in your answer
sheet.

2.1 Key Statements

1. Minor Definition: For any element ajj, the minor Mjj is the determinant of the submatrix
left after removing row i and column j.

2. Order Reduction: As per NCERT Page 84, if your determinant is 3x3 (order 3), its
minors will always be 2x2 (order 2).

3. Cofactor Definition: The cofactor Ajjis the minor Mjy multiplied by (-1) raised to the
power of the sum of its row and column position numbers (i + ).

4. Determinant Value Property: The sum of the product of elements of any row with
their corresponding cofactors gives you the total value of the determinant (A).

5. Zero Sum Property (Important for 1-mark questions!): If elements of a row are
multiplied with cofactors of a different row, the sum is always zero.
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o NCERT Insight: This happens because the resulting calculation behaves like a
determinant where two rows are identical, and a determinant with two
identical rows is always zero (Page 85).

2.2 Examples and Exercises Let's see what the examiners love to pick for your papers:

e Example 8 (Page 84): Shows how to find the minor of a single specific element (the
number 6) in a 3x3 determinant. Importance: This teaches you the "deletion" method
without getting overwhelmed.

o Example 9 (Page 84): Finding all minors and cofactors for a 2x2 matrix. Importance:
This is a classic 2-mark question pattern you should master first.

e Example 11 (Page 86): This is a high-value verification problem. It asks you to prove
the Zero Sum property by calculating a specific set of cofactors. Importance: "Prove
that" questions are common in Section B of the exam.

Target Practice: To be exam-ready, focus on Exercise 4.3. Target Questions 1 and 2 for your
foundation, and Questions 3 and 4 to practice row/column expansion.

SECTION 3: PROBLEM-SOLVING AND MEMORY

In the exam, the math isn't usually "new"—it's just a pattern we have seen before! Okay, let's
look at this together. & If you can recognize the "Problem Type" immediately, you eliminate
panic and save so much time.

3.1 Problem Types

Problem Type: Element Extraction
o Structural Goal: Find the Minor or Cofactor of one specific element (e.g., a,;).
o Recognition Cues: Look for "Find the minor of element..." or "Find A,".

e What You're Really Doing: You are ignoring 80% of the matrix to focus on one specific
small determinant.

e NCERT References: Example 8, Exercise 4.3 (Q1).

e Confusable Types: Don't confuse this with "Evaluate the determinant." One asks for a
piece; the other asks for the whole value!

Problem Type: Expansion by Row/Column
e Structural Goal: Find the total value of A using a specific row or column's cofactors.

o Recognition Cues: "Using cofactors of elements of second row, evaluate..."
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e What You're Really Doing: You are calculating three cofactors, multiplying them by
their original elements, and adding them up.

. 1. Common Mistake (Row-Column Mix-up): Using elements of Row 1 but cofactors
of Row 2. This will give you zero, not the determinant! Always match the element to its
own cofactor.

o NCERT References: Exercise 4.3 (Q3, Q4).
3.2 Step-by-Step Methods

Type: Evaluating 3x3 Determinants using Cofactors Don't worry, this is a very common
pattern. We will take it in tiny increments.

o Step 1: Pre-Check (The "Topper" Step): Verify if it is a Square Matrix. As per NCERT
Page 77, only square matrices have determinants!

e Step 2: Setup: Choose the row or column with the most zeros. Choosing a row with
zeros makes your multiplication Step 4 much faster!

o Step 3: Apply (The Minor Calculation): For each element ajjin your chosen row, find
its Minor Mjj by deleting its row and column.

o Let's look at one "Baby Step" calculation: If you need A,; and your minor M, is
5:

o Calculation: A,y = (-1)*% x M,
o Calculation: A,;=(-1)°x5
o Calculation: A,;=(-1) x5=-5.

e Step 4: Transform (The Total Sum): Write out the summation formula with
placeholders before plugging in numbers:

o A=[Element, x Cofactor,] + [Element, x Cofactor,] + [Element, x Cofactor,]
o Example for Row 2: A = a,,A,; + 8,57, + a,5A,,.

e When NOT to Use: If a matrix is already 2x2, don't use this long process—just use the
ad — bc formula directly.

3.3 How to Write Answers

Answer Template: Full Cofactor Set To get full marks from the CBSE examiner, follow this
frame:

1. "Given DeterminantA=..."

2. "Minor of a,, is M,, =[Show 2x2 determinant] = [Value]"
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3. "Cofactorof a,,is A, = (-1)"*" M,, = [Value]"
4. "Therefore, the cofactors are..."
Essential Phrases for Full Marks:
e "Deletingi-th row and j-th column..."
« "By definition of cofactors, Aj = (1) Mj..."
3.4 Common Mistakes (The Pitfalls)

o Pitfall 1: The Sign Error (Algebra)

o X Symptom: Writing A,, = M,,,.
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o Fix: Always check if the address sum (i +j) is odd. For A,,, 1 + 2 =3 (odd), so

you must change the sign: A,, = —-M,,.

o Pitfall 2: Modulus Confusion (Logic)

o X Symptom: Changing a negative determinant value to positive because you

see the |A| bars.

o Fix: In this chapter, |A| means "Determinant,” not "Absolute Value."

Determinants can be negative!

3.5 Exam Strategy

e 1-Mark Questions: Usually ask for a single minor (e.g., "Find M,,") or a property.

Master these to build momentum.

e 4-Mark Questions: These usually ask for a full Matrix Inverse. Remember: Minors and

Cofactors are 70% of the work for an Inverse question!

e Mastery Path: Start with 2x2 matrices, move to finding single elements in 3x3, and

finally practice full row expansions.

3.6 Topic Connections Minors and Cofactors are the bridge that connects the whole chapter.

e Looking Back: They rely on your skillin expanding 2x2 determinants.

e Looking Forward: They are the only way to build the Adjoint. Once you have the
Adjoint, you can find the Inverse (A™"), which allows you to solve Linear Equations
(The Matrix Method)—a topic that is almost guaranteed to appear in your final exam.

3.7 Revision Summary

e Minor Mj;= Determinant obtained by deleting row i and column j.

« Cofactor Ajj= (-1)" Mj.
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e Determinant A = Sum of (Element x its own Cofactor).
e Property: Sum of (Element x Cofactor of a different row) = 0.

e Memory Aid: Use the "Plus-Minus-Plus" checkerboard to double-check your cofactor

signs:
o —+-—-+-
o) -+

Teacher's Note: You're doing great! Don't let the large grids of numbers scare you. If you take
it one element at a time and carefully check your plus/minus signs using the (-1)'* rule, you
will find this topic is very predictable and easy to score in. You are now fully prepared to tackle

any question on Minors and Cofactors! =
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