
Stability and Algebraic Criteria: Routh Array and Two Special Cases 

 

Stability of Systems: 

 

Stability is a crucial characteristic of a system that determines its ability to maintain a bounded and 

desirable response over time. 

In control theory, stability analysis helps assess the behavior of a system and design appropriate 

control strategies. 

Stability can be classified into two main categories: stability in the sense of Lyapunov and stability in 

the sense of input-output behavior. 

Routh Array: 

 

The Routh array is a powerful tool used for stability analysis of systems. 

It is constructed from the coefficients of the characteristic equation of a system, which represents 

the polynomial equation obtained by equating the denominator of the transfer function to zero. 

The Routh array provides a graphical representation of the stability criteria based on the signs of the 

array's elements. 

The number of sign changes in the first column of the Routh array determines the number of system 

poles in the right-half plane (RHP). If there are no sign changes, all poles are in the left-half plane 

(LHP), indicating stability. 

Special Cases: 

a. Case 1: No Sign Changes in the First Column: 

 

If there are no sign changes in the first column of the Routh array, the system is stable. 

All poles of the system are located in the left-half plane (LHP), indicating a bounded and converging 

response. 

b. Case 2: Sign Changes in the First Column: 

 

If there are sign changes in the first column of the Routh array, further analysis is required to 

determine stability. 

The number of sign changes corresponds to the number of poles in the right-half plane (RHP). 



If all coefficients in the first column are zero, it indicates the presence of poles on the imaginary axis, 

which may lead to marginally stable or unstable behavior. 

Algebraic Criteria: 

 

In addition to the Routh array, other algebraic criteria can be used to assess stability: 

a. Root Locus: The root locus is a graphical representation of the possible locations of the system 

poles as a parameter (often the gain) is varied. 

b. Hurwitz Criterion: The Hurwitz criterion states that a polynomial is stable if all the determinants 

formed by its coefficients are positive. 

c. Nyquist Criterion: The Nyquist criterion analyzes the frequency response of a system by examining 

the encirclements of the -1 point in the complex plane. 

Stability analysis is essential for understanding and designing stable systems. The Routh array 

provides a convenient method to determine stability based on the signs of coefficients. The special 

cases help identify stable systems directly or indicate the need for further analysis. Additionally, 

other algebraic criteria such as root locus, Hurwitz criterion, and Nyquist criterion offer alternative 

methods for stability assessment. 


