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Matrix

Matrix is an arrangement of numerical data or 

symbols in the form of a two-dimensional table, 

consisting of rows and columns. A matrix is specified by 

its size as the number of rows × the number of columns, 

for example, a matrix of size m × n.
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Matrix A 
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When m is row

  n is column

  aij is element



Matrix  
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A is a matrix 

2 is row three and column one 

8 is row one and column  two 

B is a matrix 

a14 is 

a23 is 

a43 is 

a34 is  



Example
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Active Power of a Three-Phase Electrical System (kW)

Time (t) Phase 1 (kW) Phase 2 (kW) Phase 3 (kW)

t1(08.00) 12.5 11.8 13.2

t2(12.00) 18.0 17.2 19.1

t3(16.00) 15.4 14.9 16.0

Let

 Time is row

 Phase is column 



Two matrices are said to be equal if and only if they satisfy the 

following definition.

Definition

Let 

A=[aij]m×n  and B=[bij]p×q  

Matrix A is equal to matrix B, written as A=B, if and only if

m = p and n = q and aij = bij

for all 𝑖∈{1,2,3,…,𝑚}  and 𝑗∈{1,2,3,…,𝑛}
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Equality of MatricesEquality of Matrices



Example
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Given

find the values of x and y

Since two matrices are equal, their corresponding 

elements must be equal. Compare each position:



The transpose of a matrix refers to the operation of changing the 

positions of the elements in a matrix by interchanging its rows and 

columns.

Definition

 Let  

A=[aij]m×n and  B=[bij]p×q  

where       bij = aji

for all 𝑖∈{1,2,3,…,𝑚}  and 𝑗∈{1,2,3,…,𝑛}

Then matrix B is called the transpose of matrix A and is denoted by

 B=AT(or At).
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Transpose of a matrix



Properties of the Transpose of a Matrix

• (𝐴𝑇)𝑇 =𝐴𝑇

• c(𝐴𝑇) =c𝐴𝑇 when c is a real number.

• (𝐴 + B) 𝑇 = 𝐴𝑇 +B𝑇

• (𝐴B) 𝑇 = B𝑇𝐴𝑇  
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Transpose of a matrix



9641103  Fundamental Mathematics for Industry Education By KHACHONSAK SIMEK 

Example



Definition

Let  

A=[aij]m×n and  B=[bij]p×q  

be matrices of the same size. The sum of matrices A and B is the matrix

C=[cij]m×n 

for all 𝑖∈{1,2,3,…,𝑚}  and 𝑗∈{1,2,3,…,𝑛}
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Addition and Subtraction of MatricesAddition and Subtraction of Matrices



Matrix addition is denoted by A+B

Where      cij =aij + bij

Similarly, the difference of matrices A and B is defined by

cij =aij – bij

and is denoted by A−B
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Addition and Subtraction of MatricesAddition and Subtraction of Matrices



Example
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Given

And

 C=A + B

 D=A-B

 E=B-A

 F=AT+B

Find C,D,E,F

Find C



Example
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Find D Find E Given

And

 C=A + B

 D=A-B

 E=B-A

 F=AT+B

Find C,D,E,F



Example
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Find FGiven

And

 C=A + B

 D=A-B

 E=B-A

 F=AT+B

Find C,D,E,F



Scalar multiplication of a matrix is a basic operation in linear 

algebra and is straightforward to perform. The definition is given as 

follows.

Definition

Let  

A=[aij]m×n  

be a matrix, and let 𝑐 be a real number.

The product of the real number c and the matrix A is the matrix

c[aij]m×n = [caij]m×n
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Scalar Multiplication of a MatrixScalar Multiplication of a Matrix



Example
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Given

Find -2Z



Definition

Let   

 A=[aij]m×n and  B=[bij]p×q 

 The product of matrices A and B, denoted by AB, is defined if and 

only if  

n = p

 When this condition is satisfied, the resulting matrix AB has 

dimension    

m × q
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Matrix MultiplicationMatrix Multiplication



The element in the i row and j column of the product matrix C = AB 

is given by

cij = ai1b1j + ai2b2j ​+⋯ +ainbnj

for all 𝑖∈{1,2,3,…,𝑚}  and 𝑗∈{1,2,3,…,𝑛}
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Matrix MultiplicationMatrix Multiplication



Step 1: Check the dimensions

The number of columns of the first matrix must equal the number 

of rows of the second matrix.

The dimension of the product matrix is (rows of A)×(columns of B).
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Procedure for Matrix MultiplicationProcedure for Matrix Multiplication



Step 2: Compute the entries of the product matrix

 Each element cij ​ is obtained by taking the dot product of the i row 

of matrix A and the j column of matrix B

 Multiply the corresponding elements and then sum the product
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11 12 11 11 12 21 11 12 12 22 11 13 12 23

11 12 13

21 22 21 11 22 21 21 12 22 22 21 13 22 23

21 22 23 2 3
31 32 31 11 32 21 31 12 32 22 31 13 32 233 2 3 3

a a a b a b a b a b a b a b
b b b

a a a b a b a b a b a b a b
b b b

a a a b a b a b a b a b a b

 

+ + +   
     = + + +    
 

   + + +    

Procedure for Matrix MultiplicationProcedure for Matrix Multiplication



Example
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Given

And

 C=AB

 D=BA

Find C and D



Example
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Given

And

 C=AB

 D=BA

Find C and D



Example
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Given

And

 C=AB

Find C

Find C



Examples

The identity matrix of order 2×2 is given by

The identity matrix of order 3×3 is given by
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Identity MatrixIdentity Matrix



Properties of the Identity Matrix

 Let A be an n×n square matrix. The identity matrix In ​ satisfies the 

following properties

• AIn = InA = A

• det ( In ) = 1

• In
-1 = In
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Identity MatrixIdentity Matrix



The determinant is a single numerical value associated with a 

square matrix only. It is denoted by

det(A) or |A|

Determinants are used to:
• Check whether a matrix is invertible

• Determine the number of solutions of a linear system

• Interpret area/volume scaling in geometry
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Determinant of a MatrixDeterminant of a Matrix



Determinant of a 2×2 Matrix

If

Then

det(A) = a11a22 - a12a21
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Determinant of a MatrixDeterminant of a Matrix



det(A) = (a11a22 a33+ a12a23a31 +a13a21a32) - (a13a22 a31+ a11a23 a32 +a12a21a33) 
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Determinant of a 3×3 Matrix

If

Then

Determinant of a MatrixDeterminant of a Matrix
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Properties of Determinants

•det ( AT ) = det ( A )

•det (AB ) = det ( A ) det ( B )

•det ( An ) = [ det ( A )]n  where n is a positive integer

•det ( kA ) = kn det ( A )  where k is a real number and A is n × n

•det ( I ) = 1

•det ( A−1) = [ det ( A )]-1 

Determinant of a MatrixDeterminant of a Matrix



Example
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Given

Find |A|

     

      



Example
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Given

Find |A|
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Definition

 Let A be an n × n square matrix .if there exists an n × n matrix B 

such that

AB = BA = In

 Where In ​ is the identity matrix of order n then B is called the 

inverse matrix of A. The inverse of A is denoted by

A-1

Inverse MatrixInverse Matrix
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Existence Condition

 A square matrix A has an inverse if and only if

det ( A ) ≠ 0

If det ( A ) = 0, matrix A has no inverse.

Basic Properties

If A is invertible, then:

• The inverse of A is unique

• (A-1)-1 = A

• AA-1 = A-1A = In

Inverse MatrixInverse Matrix
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Formulas for the Inverse Matrix

Inverse of a 2×2 Matrix

Let

if det (A) = ad – cb ≠ 0

then the inverse of A is given by

Inverse MatrixInverse Matrix
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Formulas for the Inverse Matrix

General Formula for an n×n Matrix (Adjugate Matrix Method)

Let 

 A be an n×n square matrix with det (A) ≠ 0.The inverse of A is 

defined by

Inverse MatrixInverse Matrix
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Formulas for the Inverse Matrix

General Formula for an n × n Matrix (Adjugate Matrix Method)

When

And the cofactor matrix is

with Mij ​denoting the minor of the element aij 

Inverse MatrixInverse Matrix



Exercise 
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1. Given

 1.1 Find x, y, z

 1.2 Find AT, BT, CT

 1.3 Find A+B, A+BT, B+AT  

 1.4 Find 5A, 10B and 3D

 1.5 Find AB, BA, AC, CA ,BC ,CB, AI, IC



Exercise 
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2. Given

 2.1 Find det (A), det (B), det (C), det (D), det (CD), det (DC)

 2.2 Find A-1, (CD)-1, (CD)(CD)-1
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