
Transfer function from State Variable Representation 

 

 

Example 1 

 

 



 

 

 

 



Revue For Inverse Matrix 

For a square matrix A, the inverse is written A-1. When A is multiplied by A-

1 the result is the identity matrix I. Non-square matrices do not have inverses. 

  

Example: For matrix , its inverse 

is  since 

  

 

AA-1 =  

and A-1A = . 

 Here are three ways to find the inverse of a matrix: 

1. Shortcut for 2x2 matrices 

For , the inverse can be found using this formula: 

 

Example:  

2. Augmented matrix method 

Use Gauss-Jordan elimination to transform [ A | I ] into [ I | A-1 ]. 

https://www.mathwords.com/s/square_matrix.htm
https://www.mathwords.com/m/matrix_multiplication.htm
https://www.mathwords.com/i/identity_matrix.htm
https://www.mathwords.com/a/augmented_matrix.htm
https://www.mathwords.com/g/gauss-jordan_elimination.htm


Example: The following steps result in . 

 

so we see that . 

3. Adjoint method 

A-1 = (adjoint of A)   or   A-1 = (cofactor matrix of A)
T
 

Example: The following steps result in A-1 for . 

The cofactor matrix for A is , so the adjoint 

is . Since det A = 22, we get 

 

 

https://www.mathwords.com/a/adjoint.htm
https://www.mathwords.com/c/cofactor_matrix.htm


 

Example 2 

 

 

 



 

 

 

 



Representation the system in block diagram  

 
 

 
 

The dynamic equations in state-space representation are  
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Exercise  

Write the dynamic equations for the above system  

 

 

 

 

 



Characteristic Equation 

 

  The characteristic equation plays an important role in the study of linear 

systems. It can be defined with respect to the differential equation, the 

transfer function, or state equations. 

 

Characteristic Equation from Differential Equation 

 

In T.F. all initial values must be zero, therefore, if we have certain D.E. 

 

Characteristic Equation from Transfer Function 
 

If the transfer function of a control system is given, the characteristic 

equation is obtained by equating the denominator polynomial of  the T.F. to 

zero. 

 
 

 



Characteristic Equation from State Equation 

 

The T.F. obtained from the matrices A, B, C, and D as: 

 
 

As we said before, the characteristic equation is obtained by equating the 

denominator polynomial of  the T.F. to zero, then it can be obtained as: 

 

 
 

 

 

 

 

 

 

 

 

 

 



Eigen Values 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 



Problems for homework 

 

1. 

 
 

 

 

2. 

 

 
 


