
Chapter 2:

Matrix Algebra

Sec. 2.2-2.3: Matrix Multiplication 



Here’s how to multiply a row matrix by a column matrix…

2 − 1 − 4 7
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Ex 1: Multiply

Multiplying a Row by a Column



Multiplying Matrices

If  A  is an  𝑚 × 𝑛 matrix and  B  is a  𝑝 × 𝑞 matrix, to find  AB… 

• The number of columns of  A  must equal the number of rows of  B  (that is,  𝑛 = 𝑝)

• The size of the result will be  𝑚 × 𝑞
• To get the  (𝑖, 𝑗)-th entry of the answer, multiply the ith row of A with the jth row of B

Ex 2:



Multiplying Matrices
Ex 3:



Multiplying Matrices
Ex 4:



Multiplying Matrices

If  A  is an  𝑚 × 𝑛 matrix and  B  is a  𝑝 × 𝑞 matrix, to find  AB… 

• The number of columns of  A  must equal the number of rows of  B  (that is,  𝑛 = 𝑝)

• The size of the result will be  𝑚 × 𝑞
• To get the  (𝑖, 𝑗)-th entry of the answer, multiply the ith row of A with the jth row of B

• Formula:  If  𝑨 = [𝒂𝒊𝒋] and  𝑩 = [𝒃𝒊𝒋] ,  then  𝑨𝑩 = σ𝒌=𝟏
𝒏 𝒂𝒊𝒌𝒃𝒌𝒋



What does an IDENTITY really mean? (numbers/matrices)

Ex 5:     𝐼3 = Verify  I2
1 2 7
3 0 9

=
1 2 7
3 0 9

The identity matrix is the square matrix with 1’s on the main diagonal and 0’s everywhere else. 

Sometimes we write  𝐼𝑛 for the  𝑛 × 𝑛 identity matrix.

The Identity Matrix I

Verify   
1 2 7
3 0 9

𝐼3 =
1 2 7
3 0 9



Properties of Matrix Multiplication

Prove some of these…



Properties of Matrix Multiplication

Ex 6:



Properties of Matrix Multiplication

Ex 7:



Properties of Matrix Multiplication

Ex 8:



Special Properties of Matrices

1) In the matrix product  AB , if you indicate  B’s columns, then… 

Illustrate with
1 2
3 4

1 5 2
3 0 4



Special Properties of Matrices

2) In the matrix product  AB , if you indicate  A’s rows, then… 

Illustrate with
1 2
3 4

1 5 2
3 0 4



Special Properties of Matrices

3) If  Ԧ𝑥 is a column vector, the matrix product  𝐴 Ԧ𝑥 is a linear combination of the columns of  A  

and the coefficients are the corresponding entries in Ԧ𝑥.

Illustrate with

1 2 5
3 4 2
7 4 2
8 6 1

−4
−2
−5



Systems of Equations as a Matrix Equation

Every system of linear equations can be written as the matrix equation  𝐴 Ԧ𝑥 = 𝑏 where…

A  is the matrix of coefficients of the variables in the system

Ԧ𝑥 is the column matrix of variables

𝑏 is the column matrix of the constant terms in the system

Illustrate with

Why?

3𝑥1 − 2𝑥2 − 5𝑥3 + 3𝑥4 = 1
2𝑥1 − 4𝑥2 + 5𝑥3 + 3𝑥4 = 5
3𝑥1 − 2𝑥2 + 2𝑥3 − 3𝑥4 = 4



Systems of Equations as a Matrix Equation

Ex 9: Solve the matrix equation  𝐴 Ԧ𝑥 = 𝑏 by row reducing an augmented matrix. 

𝐴 =
−1 − 2 − 5
−4 − 3 − 7
−2 − 6 − 9

𝑏 =
−2
−9
−1



Results From Section 1.3:  Homogeneous Systems of Linear Equations

Results: Suppose 𝐶1 and 𝐶2 are 2 solutions to a homogeneous system of linear equations written 

as column matrices, and suppose 𝑎1 and 𝑎2 are scalars. Then…   

• 𝐶1 + 𝐶2 is also a solution to the system (sum of solutions is also a solution)

• 𝑎1𝐶1 is also a solution to the system (scalar multiple of a solution is another solution)

• 𝑎1𝐶1 + 𝑎2𝐶2 is also a solution to the system (linear combinations of solutions are solutions)

Proof:


