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Root Locus 

Basic concepts of root locus 

In the previous sections, we have studies that the stability of a system. It depends on the location 

of the roots of the characteristic equation. We can also say that the stability of the system 

depends on the location of closed-loop poles. Such knowledge of the movement of the poles in 

the s-plane when the parameters are varied is important. The minor changes in the parameters can 

greatly help in the system designing. The nature of the system's transient response is closely 

related to the location of the poles in the s-plane. We have also studied the Routh Hurwitz criteria 

that describe the stability of the algebraic equation. If any of the term in the first column of the 

Roth table possesses a sign change, the system tends to become unstable. 

The root locus method was introduced by W.R Evans in 1948. Root locus is a graphical method 

in which the movement of poles in the s-plane can be located when a specific parameter is varied 

from 0 to infinity. The parameter assumed to be varied is generally the gain of the system. 

The equation of a closed loop system is given by: 

1 + G(s)H(s) = 0 

Where:       G(s) is the gain of the transfer function H(s) is the feedback gain 

In the case of root locus, the gain K is also assumed as part of the closed-loop system. K is 

known as system gain or the gain in the forward path. The characteristic equation after 

including the forward gain can be represented as: 

1 + KG'(s)H(s) = 0 

Where:       G(s) = KG'(s) 

When the system includes the variable parameter K, the roots of the closed loop system are now 

dependent on the values of 'K.' The value of 'K' variable can vary in two cases, as shown below: 

 

In the first case, for every different value (integer or decimal) of K, we will get separate set of 

locations of the roots. If all such locations are joined, the resulting plot is defined as the root 

locus. We can also define root locus as the locus of the closed loop poles obtained when the 

system gain 'K' is varied from -infinity to infinity. 

When the K varies from zero to infinity, the plot is called the direct root locus. If the system gain 

'K' varies from -infinity to zero, the plot thus obtained is known as inverse root locus. The gain 

K is generally assumed from zero to infinity unless specially stated. 
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Root Locus Construction Rules 

 
1. Starting points ( K = 0). The root loci start at the open-loop poles. 

2. Termination points ( K = ∞). The root loci terminate at the open-loop zeros when they exist, 

otherwise at ∞ 

3. Number of distinct root loci (branches): This is equal to the order of the characteristic 

equations (or the number of poles of open loop transfer function). 

4. Symmetry of root loci: The root loci are symmetric about the real axis. 

5. Root locus locations on the real axis: A point on the real axis is part of the loci if the sum of 

the open-loop poles and zeros to the right of the point concerned is odd. 

6. Break away (in) points. The points at which a locus breaks away from (or break in) the real 

axis can be found by letting K as a function of s , taking the derivative of (dK /ds) and then 

setting the derivative equal to zero. 

7. RHS, crossover: This can be obtained by determining the value of K for marginal stability 

Routh-Hurwitz criterion. 
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