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Determinant of the matrix is expressed in mathematical symbol and can be 
calculated as follows

If the matrix has a non-zero determinant, it is said to 
be non-singular; otherwise it is said to be singular.



Determinants by Cofactor Expansion

If A is a square matrix, then the minor of entry 𝒂𝒊𝒋 is denoted by 𝑀𝑖𝑗  and is defined to be 
the determinant of the submatrix that remains after the ith row and jth column are deleted 
from A.  Then the cofactor of entry 𝒂𝒊𝒋 is defined below:

                            𝐶𝑖𝑗 = −1 𝑖+𝑗  𝑀𝑖𝑗

Example: 









Example: 



Evaluate det(A) by cofactor expansion along the first column of A.



Theorem: If A is an 𝑛 ×  𝑛 triangular matrix (upper triangular, lower 
triangular, or diagonal ), then det(A) is the product of the entries on the main 
diagonal of the matrix; that is, 

                      det 𝐴 =  𝑎11 𝑎22  · · ·  𝑎𝑛𝑛

For example:  



Note : The arrow technique works only for determinants of 2 × 2 and 3 × 3

 matrices. It does not work for matrices of size 4 ×4 or higher.



Examples: 
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Inverse of a Matrix

When we multiply a number by its reciprocal we get 1

When we multiply a matrix by its inverse we get the Identity Matrix :
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Inverse Formula

For a given 2x2 matrix

The inverse of A is defined by
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Example: Find (where possible) the inverse of the following matrices. Are these matrices 
singular or nonsingular?



Inverse by method of Cofactors 







Solving a Linear System Using 𝑨−𝟏

If 𝐴 is an invertible 𝑛 ×  𝑛 matrix, then for each 𝑛 ×  1 matrix b, the system of 
equations 𝐴𝒙 =  𝒃 has exactly one solution, namely,

     𝒙 =  𝐴−1 𝒃

Example: 



A is invertible and

the solution of the system is



Cramer’s Rule



Example: Using Cramer’s Rule to Solve a Linear System

Answer: 



Application of Linear Systems

1. A network with four nodes shown here, 

a) Define a system of linear equations.

b)  Solve the system for 𝑥1 , 𝑥2 and 𝑥3.

Solution:  a)

  Intersection                    Flow In                            Flow Out

       A                                       30               =             𝑥1+𝑥2

       B                                 𝑥2 + 𝑥3            =                35

       C                                       60                =               15 + 𝑥3

       D                                  15 + 𝑥1            =                55



Then, the system of equations become

b) In this particular case the system is sufficiently simple that it can be solved 
by work from the bottom up.

The system solution is 𝑥1 = 40 ,  𝑥2 = −10 ,  𝑥3 = 45 

    



2) Set up a linear system of equations for the following networks in which the 
flow rates and direction of flow in certain branches are given. 

Figure a.
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