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ROOT LOCUS ANALYSES: 

A simple method for finding the roots of the characteristic equation has been 

developed by W. R. Evans and used extensively in control engineering. This method, 

called the root-locus method, is one in which the roots of the characteristic equation 

are plotted for all values of a system parameter. The roots corresponding to a 

particular value of this parameter can then be located on the resulting graph. Note that 

the parameter is usually the gain, but any other variable of the open-loop transfer 

function may be used. 

By using the root-locus method the control Engineer can predict the effects on the 

location of the closed-loop poles with varying the gain value. 

 

1. Root Locus Method 

The root locus is the locus of roots of the characteristic equation of the closed-loop 

system as a specific parameter (usually, gain K) is varied from zero to infinity, giving 

the method its name. Such a plot clearly shows the contributions of each open-loop 

pole or zero to the locations of the closed-loop poles. 

By using the root-locus method, it is possible to determine the value of the gain K 

that will make the damping ratio of the dominant closed-loop poles as prescribed. 

If the location of an open-loop pole or zero is a system variable, then the root-locus 

method suggests the way to choose the location of an open-loop pole or zero. 

 



1.1 Angle and magnitude conditions 

 

Consider the control system shown in Fig. 1, whose closed loop T.F. is; 

 

 

 

 

Since G(s)H(s) is a complex quantity, eqn. (1) can be split into two equations by 

equating the angles and magnitudes of both sides, respectively, to obtain the 

following: 
Angle condition: 

 

 
Magnitude condition: 

 



2. Root Locus Sketch 

To begin sketching the root locus of a system by the root-locus method we must 

know the location of the poles and zeros of G(s) H(s) 

◼ Step #1 
K= 0 points are located at the open-loop poles ( number of poles = n) 

◼ Step #2 
K= ∞ points are located at the open-loop zeros ( number of zeros = m) 

The poles and zeros referred above include those at infinity, if any. 

 

 

 

 



Number of branches on the root loci 

We must know that, the number of branches of root locus plot equals the number of poles. In the 

previous example, there are 3 poles. So that the total number of root locus branches is THREE. Also 

for the control system that has 3 poles and shown in Fig. 3, it has three root locus branches. 

Symmetry of The root loci 

Root locus is symmetrical w.r.t. the real axis of the s-plane as shown in Fig. 3. 

 

◼ Step #3 
Number of Asymptotes if there are zeros located at ∞, there are asymptotes equal 

to those zeros at ∞. Simply we can calculate the number of asymptotes by: 
 

For the previous example, since there are TWO zeros at infinity OR n – m = 2, 

there are TWO asymptotes. 

◼ Step #4 
Angle of Asymptotes we can calculate the angles of asymptotes by 

 



 

 

Step #5 
Intersection of Asymptotes with Real Axis The point of intersection of 

asymptotes of the root locus lies on the real axis of the s-plane, at σ, where 
 

 



◼ Step #6 

Root Locus on Real Axis 

On a given section of the real axis, root locus are found in this section only if the 

total number of poles and zeros of G(s)H(s) to the right of the section is odd. 

 

On another explanation, for s1 to be a point on the root locus, there must be 

an odd number of poles and zeros of G(s)H(s) to the right of that point. 

We can explain this by the following pole-zero configurations shown in Fig. 5. 
 

 

 

◼ Step #7 

Intersection of the Root Locus with the Imaginary Axis 

The points where the root locus intersect the imaginary axis of the s-plane, and the 

corresponding values of K, may be determined by means of the Routh-Hurwitz 

criterion explained in the previous lecture. 



◼ Step #8 

Breakaway Points 
Breakaway points on the root locus of an equation correspond to multiple-order 

roots of the equation. 

Figure (6-a) illustrates a case in which two branches of the root locus meet at the 

breakaway point on the real axis and then depart from the axis in opposite directions. 

In this case, the breakaway point represents a double root of the equation when the 

value of K is assigned the value corresponding to the point. 
 

 

Figure (6-b) shows another common situation when two complex-conjugate root locus 

approach the real axis, meet at the breakaway point, and then depart in opposite 

directions along the real axis. In general, a breakaway point may involve more than 

two root locus. 

 

Example1: Consider the second-order equation 

 



Example2: Consider the second-order equation 

 

 

 



◼ Step #9 
 

 
pole at (s +1– j) and is very close to the pole as shown in Fig. 6. Then, s1 must satisfy Eqn. (2). Thus, 

 

Fig. 6, calculation of angle of departure 
 



 

 

◼ Step #10 
 

 

 

 
for a given damping ratio, zeta can be determined as 

follows: 

First, determine the operating point angle,  
Then draw a line from the origin of the s-plane that forms an angle of  with the 

negative real axis. 

This line intersects the root locus at the operating point s1. 

The length of the line from the origin to the operating point represents the natural 

frequency, wo. 

The value of K at the operating point can be determined as follows: 

First, draw lines from each pole and zero to the operating point. 

Measure the length of each line and determine the product of the lengths of the lines 

from the poles and the product of the lengths of the lines from the zeros. 

If there are no zeros (or poles) then use 1 as the product. 

The value of K at the operating point is equal  to the poles product divided by the 

zeros product. 

The operating point s1 



Example 1 : Consider the following system , plot the root locus. 

 

 



 
 

 

 



 
 

 

 

Exercise 1 : 
 

 

 


