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UNIT – III 
TIME RESPONSE ANALYSIS-II 

 
Topics: Concepts of stability, Necessary conditions for Stability, Routh 
stability criterion, Relative stability analysis- Introduction to Root Locus 

Technique, Construction of root loci.  
 
CONCEPTS OF STABILITY 

A system is said to be stable if its output is under control. Otherwise, 
it is said to be unstable. A stable system produces a bounded output for a 

given bounded input. 
A system is said to be stable if the system eventually returns to its 

equilibrium state when the system is subjected to an initial excitation or 

disturbance. 
Example: 

 
Consider a marble and a bowl arranged as shown above. In the first case, 
the marble is inside the bowl. A small flick will make the marble oscillate 
about its equilibrium position and it will eventually settle back to its original 

position. In the second case, the marble is placed on top of an inverted bowl. 
A small flick in this case would make the marble fall off the bowl and the 

marble would never come back to its initial position unless you take it and 
place it back. 
[Now, let’s come back to the first case where the marble is inside the bowl. 

What if I flick the marble so hard that it flies out of the bowl? Will the 
marble come back to its initial position? It’s an obvious NO. So, is the 

system unstable? The system is stable but exciting it with an unbound 
input makes it difficult to judge if the system is stable or not. This brings us 
to the concept of the bounded input. An input is said to be bounded if the 

input lies within definite limits of the system. If it’s not bounded, then the 
input is an unbounded input. As simple as it sounds.] 
 

TYPES OF SYSTEMS BASED ON STABILITY 
i) Absolutely Stable System: 

If the system is stable for all the range of system component values, then it 
is known as the absolutely stable system. The open loop control system is 
absolutely stable if all the poles of the open loop transfer function present in 

left half of ‘s’ plane. Similarly, the closed loop control system is absolutely 
stable if all the poles of the closed loop transfer function present in the left 

half of the ‘s’ plane. 
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ii) Conditionally Stable System: 
If the system is stable for a certain range of system component values, then 
it is known as conditionally stable system. 

iii) Marginally Stable System: 
If the system is stable by producing an output signal with constant 

amplitude and constant frequency of oscillations for bounded input, then it 
is known as marginally stable system. The open loop control system is 
marginally stable if any two poles of the open loop transfer function is 

present on the imaginary axis. Similarly, the closed loop control system is 
marginally stable if any two poles of the closed loop transfer function is 
present on the imaginary axis. 

 
RELATIVE STABILITY  

The relative stability indicates the looseness of the system to stable 
region. It is an introduction of the strength or degree of stability.  

In time domain the relative stability may be measured by relative 

settling times of each root or pair of roots. The settling time is inversely 
proportional to the location of roots of characteristics equation. If the root is 

located far away from the imaginary axis, then the transients’ dies out faster 
and so the relative stability of the system will improve. 

 

 
 
 

 
 

 
 
 

 
 
 

 



 

 

P
ag

e3
 

 

NECESSARY CONDITIONS FOR STABILITY (OR) 
 
EFFECT OF LOCATION OF POLES ON STABILITY  
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(iv) If there are repeated roots on jw-axis, the system is unstable. 
(v) In the characteristic equation of the system, if all coefficients are positive 

and no missing terms, then the system is stable. 
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ROUTH-HURWITZ (RH) CRITERION 
 
 The RH stability criteria is an analytical procedure for determining 
how many roots of the polynomial lying on left half of s-plane or right half of 

s-plane of the system. 
Statement: 

 The necessary and sufficient condition for stability is that all the 
elements in the first column of the Routh array are positive. If this 
condition is not met, the system is unstable and the number of sign changes 

in the elements of the first column of Routh array is equal to the number of 
roots of the characteristic equation are lying on right half of s-plane. 
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Example: Check the stability of the system whose characteristic equation is  

s4 + 2s3 + 6s2 + 4s + 1 = 0 

SOL: 

 
SPECIAL CASES 
 
CASE-I: Any one row of Routh table is Zero. 
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Example: 
The characteristic equation of the system is  

S6 + 2s5 + 8s4 + 12s3 + 20s2 + 16s + 16 =0 

Determine the location of roots on s-plane and hence the stability of the 

system. 
SOL: 
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Location of the roots: 

The number roots lying on right half of s-plane = 0 
The number roots lying on left half of s-plane = 2 

The number roots lying on imaginary axis of s-plane = 4 
 

CASE-II : First element of a row is Zero. 
 

 
 

Example: 
Examine the stability of the characteristic equation 

s5 + s4 + 2s3 + 2s2 + 3s + 5 =0 

SOL: 
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PROBLEMS 
1) For the system has the characteristic equation s3 + 3s2 + s + 3 =0 

    Determine its stability. 

SOL: 
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2) Determine the range of K for stability of unity feedback system whose 
open loop transfer function is 

 
SOL: 

 

 

 
3) The open loop transfer function of a unity feedback control system is 
given by 

 
By applying routh criteria, discuss the stability of closed loop system as a 

function of ‘K’. Determine the value of ‘K’ which will cause sustained 
oscillations in the closed-loop system. What are the corresponding 

oscillating frequencies? 
SOL: 
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4) For a unity feedback system, 

 
Find the range of values of ‘K’, marginal value of ‘K’ and frequency of 

sustained oscillations. 

SOL: 
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5) Find the range of ‘K’ for the system to be stable, if 

 
SOL: 
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6) Determine the number of roots on imaginary axis for the characteristic 
equation 

s5 + 6s4 + 15s3 + 30s2 + 44s + 24 =0 

SOL: 
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7) The open loop transfer function of a unity feedback control system is 
given by 

 
Determine the maximum value of ‘K’ for the stability of the closed loop 

system. 
SOL: 
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ROOT LOCUS 
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RULES FOR CONSTRUCTING ROOT LOCUS 
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PROCEDURE FOR CONSTRUCTING ROOT LOCUS 
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PROBLEMS 
 

1) A unity feedback control system has an open loop transfer function 

 
      Sketch the root locus. 
SOL: 
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2) Sketch the root locus of the closed loop system whose open loop transfer 
function is 

 

SOL: 
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3) Sketch the root locus for 0 < K < ∞ for the system with the open-loop 

transfer function 

 
SOL: 

 

 
 



 

 

P
ag

e2
6 

 

 

 

 

 

 
 

 
 
 



 

 

P
ag

e2
7 

 

 

 

 

 
 



 

 

P
ag

e2
8 

 

 
4) Sketch the root locus for the system with the open-loop transfer function 
is 

 
SOL: 
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5) Sketch the root locus for the system with 

 
 

SOL: 
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6) The open loop transfer function of a system is given by 

 
    Sketch the root locus for the system. 

SOL: 
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7) Sketch the root locus of the system whose characteristic equation is given 

by S4 + 6s3 + 8s2 + Ks + K = 0. 

SOL: 
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