
Chapter Eight: Matrices and Determinants 

8.1 Matrices and Systems of Equations. 

Fact: A matrix is a rectangular array of numbers. It is an ordered way to keep our coefficients and 

solutions organized and eliminate the need for actual variables. 

Definition of a Matrix – If m and n are positive integers, an m x n (read m by n) matrix is a rectangular 

array with m rows and n columns  
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in which each entry ija of the matrix is a number. Matrices are usually denoted by capital letters. 

Fact: A matrix derived from a system of linear equations (each written in standard form with the 

constant term on the right) is the augmented matrix of the system. Moreover, the matrix derived from 

the coefficients of the system (but not including the constant terms) is the coefficient matrix of the 

system. 

Examples: Determine the order of the matrix. 

 1.  5 3 8 7   2. 

3 7 15 0

0 0 3 3

1 1 6 7

 
 
 
  

  3. 
7 6 4

0 5 1

 
 

 
 

 

 

 

Examples: Write the augmented matrix for the system of linear equations. 

 1. 
7 4 22

5 9 15

x y

x y

 


 
  2. 

8 5 8

7 15 38

3 8 20

x y z

x z

x y z

   

   
   

  3. 
9 2 3 20

25 11 5

x y z

y z

  

   

 

 

 



Examples: Write the system of linear equations represented by the augmented matrix. Use variables x, 

y, z, and w, if applicable. 

 1. 
7 5 0

8 3 2

 
 

 
     2. 

4 5 1 18

11 0 6 25

3 8 0 29

  
 

 
  

 

 

 

 

 

In 7.3 we discussed elementary operations for systems of equations. We will now call these row 

operations and use the same principles on matrices. 

Elementary Row Operations –  

 1. Interchange two rows. 

 2. Multiply a row by a nonzero constant. 

 3. Add a multiple of a row to another row. 

Row-Echelon Form and Reduced Row-Echelon Form – A matrix in ref has the following properties. 

 1. Any rows consisting entirely of zeros occur at the bottom of the matrix. 

2. For each row that does not consist entirely of zeros, the first nonzero entry is 1 (called a 

leading 1). 

3. For two successive (nonzero) rows, the leading 1 in the higher row is farther to the left than 

the leading 1 in the lower row. 

A matrix in row echelon form (ref) is in reduced row echelon form (rref) if every column that has a 

leading 1 has zeros in every position above and below except its leading 1. 

Fact: When using Gaussian elimination to obtain a matrix in ref or rref, you should always operate from 

left to right by columns, using elementary row operations to obtain zeros in all entries directly below the 

leading 1’s. 

 

 

 



Examples: Write the matrix in row-echelon form. 

 1. 

1 2 1 3

3 7 5 14

2 1 3 8

 
 


 
    

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 2. 

1 3 0 7

3 10 1 23

4 10 2 24

  
 

 
   

 

 

 

 

 

 

 

 

Examples: Use matrices to solve the system of equations. Use Gaussian elimination with back-

substitution or Gauss-Jordan elimination. 

1. 

2 3 24

2 14

7 5 6

x y z

y z

x y

  


 
  

 

 

 

 

 

 

 

 

 

 

 



2. 

2 2 2

3 28

14

x y z

x y z

x y

  


   
  

 

 

 

 

 

 

 

 

 

 

 

3. 

3 2 15

2 10

4 14

x y z

x y z

x y z

  

    
   

 

 


