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PRE-REQUISITE: A course on Electrical circuit Analysis-I  

COURSE EDUCATIONAL OBJECTIVES:  

  

1. Understand the concepts of various mathematical representations of control 

systems, Time response of first order and second order systems, stability, 

frequency response and fundamentals of modern control systems   

2. Apply Block diagram reduction, Signal flow graph, Routh criterion, Root 

locus, Bode, Polar,  

Nyquist concepts for solving various numerical problems  

3. Analyze time response characteristics, frequency response characteristics, 

stability analysis of various control systems   

4. Design various compensators and controllers for different control systems 

by using design procedures  

5. Create suitable control systems for various real time applications. 

 

UNIT I: CONTROL SYSTEMS CONCEPTS        09  

 
Open loop and closed loop control systems and their differences- Examples of control 

systems- Classification of control systems, Feedback characteristics, Effects of 

positive and negative feedback, Mathematical models – Differential equations of 

translational and rotational mechanical systems and electrical systems, Analogous 

Systems, Block diagram reduction methods – Signal flow graphs - Reduction using 

Mason’s gain formula. Principle of operation of DC and AC Servo motor, Transfer 

function of DC servo motor - AC servo motor, Synchros.  

 

UNIT II: TIME RESPONSE ANALYSIS 
Step Response - Impulse Response - Time response of first order systems – 

Characteristic Equation of Feedback control systems, Transient response of second 

order systems - Time domain specifications – Steady state response - Steady state 

errors and error constants, P, PI, PID Controllers.  

    

UNIT III STABILITY ANALYSIS IN TIME DOMAIN                                       

09   
 
The concept of stability – Routh’s stability criterion – Stability and conditional stability 

– limitations of Routh’s stability. The Root locus concept - construction of root loci-

effects of adding poles and zeros to G(s)H(s) on the root loci.  

  

UNIT IV FREQUENCY RESPONSE ANALYSIS                                                

09  
 
Introduction, Frequency domain specifications-Bode diagrams-Determination of 

Frequency domain specifications and transfer function from the Bode Diagram-

Stability Analysis from Bode Plots. Polar Plots-Nyquist Plots- Phase margin and Gain 

margin-Stability Analysis.    

Compensation techniques – Lag, Lead, Lag-Lead Compensator design in frequency 

Domain.  

 

UNIT V STATE SPACE ANALYSIS OF CONTINUOUS SYSTEMS              

09  

  



Concepts of state, state variables and state model, state models - differential 

equations & Transfer function models - Block diagrams. Diagonalization, Transfer 

function from state model, Solving the Time invariant state Equations- State 

Transition Matrix and it’s Properties. System response through State Space models. 

The concepts of controllability and observability, Duality between controllability and 

observability.  

  

 

COURSE OUTCOMES:  

  

On successful completion of the course, students will be able to  POs related to 

COs  

CO1  
Understand the construction, principle and operation of single phase and 

three phase induction motors  
PO1,PO2  

CO2  
Understand the construction, principle and operation of synchronous 

generator and synchronous motor  
PO1,PO2  

  

CO3  

Understand various applications of various alternating machines  
PO1,PO2, 

PO3  

  

CO4  

Apply the above concepts to solve various mathematical and complex 

problems  
PO1,PO2  

 CO5  Analyze the characteristics of induction motor, synchronous motor and 

synchronous generators  

PO1,PO2,PO3  

 

TEXTBOOKS:  

1. Modern Control Engineering by Katsuhiko Ogata, Prentice Hall of 

India Pvt. Ltd., 5th edition, 2010. 

2. Control Systems Engineering by I. J. Nagrath and M. Gopal, New 

Age International (P) Limited Publishers, 5th edition, 2007.  

  

REFERENCE BOOKS:  

1. Control Systems Principles & Design by M.Gopal, 4th Edition, Mc Graw 

Hill Education, 2012.  

2. Automatic Control Systems by B. C. Kuo and Farid Golnaraghi, John 

wiley and sons, 8th edition, 2003.  

3. Feedback and Control Systems, Joseph J Distefano III, Allen R 

Stubberud & Ivan J Williams, 2nd Edition, Schaum's outlines, Mc Graw 

Hill Education, 2013.  

4. Control System Design by Graham C. Goodwin, Stefan F. Graebe and 

Mario E. Salgado, Pearson, 2000.  

5. Feedback Control of Dynamic Systems by Gene F. Franklin, J.D. Powell 

and Abbas Emami-Naeini, 6th Edition, Pearson, 2010.  

  

WEB RESOURCES:  

1. https://nptel.ac.in/courses/108102043  
2.  https://nptel.ac.in/courses/108106098.  

https://nptel.ac.in/courses/108102043












































































































UNIT-I : Control System Concepts 

(Block diagrams, SFG, modeling, servo motors, synchros) 

Pedagogical Initiatives 

1. Concept Check (Think–Pair–Share) 

Students discuss: 

 Why closed loop system is preferred in EV speed control? 
 Effect of feedback on stability & accuracy 

2. Modeling Activity 

Students derive differential equation for: 

System Task 

Electrical RLC circuit modeling 

Mechanical Mass–spring–damper system 

Practical Ceiling fan speed control analogy 

3. Block Diagram Reduction Exercise 

Give a complex block diagram → students simplify step-by-step 

Outcome: Improves analytical confidence 

4. Simulation Activity (MATLAB / Python) 

Students simulate DC servo motor response 

Observation: 

 effect of gain change 
 effect of feedback 

5. Real Life Application Discussion 

Map control system concepts to: 

 Automatic voltage regulator 
 Cruise control 
 Solar tracking system 



























































UNIT-II : Time Response Analysis 

(1st order, 2nd order, steady state error, PID controller) 

Pedagogical Initiatives 

1. Graph Interpretation Task 

Students identify system type from response graph: 

Graph Students Identify 

Overshoot Damping ratio 

Slow rise Time constant 

Oscillation Under-damped system 

2. Controller Tuning Lab 

Provide transfer function: 

Students tune: 

 P 
 PI 
 PID 

Compare performance metrics: 

 Rise time 
 Settling time 
 Steady state error 

3. Real System Mapping 

Match response to real devices: 

Device System Type 

Thermometer First order 

DC motor Second order 

Suspension system Second order oscillatory 

4. Numerical Problem Strategy 

Teach students shortcut method: 
→ Use standard formula chart instead of solving full inverse Laplace every time 

 











































































UNIT-III : Stability Analysis (Time Domain) 

(Routh criterion & Root locus) 

Pedagogical Initiatives 

1. Stability Prediction Game 

Give characteristic equation → students predict: 

 Stable 
 Marginally stable 
 Unstable 

Before solving Routh table 

2. Root Locus Drawing Workshop 

Students draw root locus manually: 

Steps: 

1. Poles & zeros marking 
2. Asymptotes 
3. Breakaway points 
4. Imaginary axis crossing 

3. Parameter Sensitivity Activity 

Students vary gain KKK and observe: 

 Oscillation starts 
 System becomes unstable 

4. Engineering Interpretation 

Discuss real meaning: 

“Instability in power system = oscillation = blackout” 



























































































































UNIT-IV : Frequency Response Analysis 

(Bode, Nyquist, Polar, Compensation) 

Pedagogical Initiatives 

1. Bode Plot Estimation Drill 

Students sketch Bode plot without calculator using rules 

Develops exam confidence 

2. Stability Margin Interpretation 

Students relate: 

Margin Meaning 

Gain margin Safety against overload 

Phase margin Oscillation safety 

3. Compensation Design Activity 

Given poor system → students design: 

 Lag compensator → improve accuracy 
 Lead compensator → improve speed 
 Lag-Lead → both 

4. Real System Link 

Discuss: 

 Aircraft autopilot stability 
 Power system oscillation damping 
 Audio amplifier feedback 

 

 

 



































































UNIT-V : State Space Analysis 

(State model, controllability, observability) 

Pedagogical Initiatives 

1. State Variable Identification 

Students convert transfer function → state model 

2. Physical Interpretation 

Explain meaning: 

Term Real Meaning 

State Memory of system 

Controllability Can we drive system anywhere? 

Observability Can we detect internal condition? 

3. MATLAB Activity 

Students simulate state response using matrix exponential 

4. Modern Application Discussion 

Relate to: 

 Robotics 
 Electric vehicles 
 Drone stabilization 
 Smart grid control 
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UNIT – 1: CONTROL SYSTEM CONCEPTS 

PART A ( 2 Marks) 

1 Define control system PO1 

2 Differentiate open loop and closed control system PO1 

3 What are the components of feedback control system PO1 

4 Define transfer function PO1 

5 What are the basic elements used for modeling mechanical translational system PO1 

6 What are the basic elements used for modeling mechanical rotational system PO1 

7 What is block diagram? PO1 

8 What are the basic components of Block diagram PO1 

9 What is the basis for framing the rules of block diagram reduction technique PO1 

10 What is a signal flow graph PO1 

11 What is transmittance PO1 

12 What is sink and source PO1 

13 Define non touching loop. PO1 

14 Write Masons Gain formula PO1 

15 
Write the analogous electrical elements in force voltage analogy for the elements of 
mechanical translational system 

PO1 

16 
Write the analogous electrical elements in force current analogy for the elements of 
mechanical translational system 

PO1 

17 
Write the analogous electrical elements in torque voltage analogy for the elements of 
mechanical rotational system 

PO1 

18 
Write the analogous electrical elements in torque current analogy for the elements of 
mechanical rotational system 

PO1 

19 What are the basic properties of signal flow graph PO1 

20 Write the force balance equation of an ideal mass, dashpot and spring element PO1 

PART-B (10 Marks) 

 

 

 

 

1 

Write the force equations of the linear translational system shown in figure. Draw the equivalent 
electrical network using force-voltage Analogy, with the help of necessary mathematical 

equations. 

 

 

 

PO1, 

PO2,PO3 

 

 

 

 

2 

Draw the signal flow graph for the block diagram below and then obtain the transfer 
function C(s)/R(s) using Mason’s gain formula. 

 

 
 

 

 

 

PO1, 

PO2,PO3 
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3 

Find transfer function C(s)/R(s).  

 

 

PO1, 

PO2,PO3 

 

 

 

4 

Find transfer function θ(s)/T(s). 

 
 

 

 

PO1, 

PO2,PO3 

 

 

 

 

5 

Draw the equivalent signal flow graph and determine C (s)/R(s) using Mason’s gain formula.  

 

 

 

PO1, 

PO2,PO3 

6 
Explain open loop & closed loop control systems by giving suitable examples & also highlights 
their merits & demerits. 

PO1, PO2 

 

 

7 

Draw signal flow graph for the following equations- 

(i) y2 = a1*dy1/dt 

(ii) y3 = d2y2/dt2 + dy1/dt – y1 

(iii) d2y/dx2 + 2/3 * dy/dx + 11/2 * y = x 

 

PO1, 

PO2,PO3 

 

 

 

 

 

 

 

 

 

8 

Use Mason’s gain formula to find the transfer function 

C(s)/R(s) for the signal flow graph shown below- 
 

 

 

 

 

 

 

 

 

 

 

 

PO1, 
PO2,PO3 
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9 

Evaluate C1/R1 & C2/R2 for a system whose block diagram 

representation is shown in figure- 
 

 

 

 

 

 

 

 

 

 

 

 

PO1, 

PO2,PO3 

 

 

 

 

 

 

 

 

 

 

10 

Determine C(s)/R(s)-  

 

 

 

 

 

 

 

 

PO1, 

PO2,PO3 
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UNIT – 2: TIME DOMAIN ANALYSIS 

PART A ( 2 Marks) 

1 What is an order of a system PO1 

2 What is step signal PO1 

3 What is ramp signal PO1 

4 What is a parabolic signal PO1 

5 What is transient response PO1 

6 What is steady state response PO1 

7 List the time domain specifications PO1 

8 What is damped frequency of oscillation PO1 

9 
What will be the nature of response of second order system with different types of 
damping 

PO1 

10 Define Delay time PO1 

11 Define Rise time PO1 

12 Define peak time PO1 

13 Define peak overshoot. PO1 

14 What are the different types of controllers PO1 

15 
What is the significance of integral controller and derivative controller in a PID 
controller 

PO1 

16 What are the three constants associated with a steady state error? PO1 

17 What are the effects of adding a zero to a system? PO1 

18 Why derivative controller is not used in control system? PO1 

19 What is the effect of PI controller on the system performance PO1 

20 What are the main advantages of generalized error coefficients PO1 

PART-B (10 Marks) 

 

 

1 

For a unity feedback system whose open loop transfer function is 

G(s) = 50/(1+0.1s)(1+2s) , find the position, velocity & acceleration 

error constants. 

 

 

PO1, PO2 

 

2 

A feedback control system is described as G(s) = 50/s(s+2)(s+5) , H(s) = 1/s For a 

unit step input, determine the steady state error constants & errors. 

 

PO1, PO2 

 

 

 

 

3 

The closed loop transfer function of a unity feedback control system 

is given by-C(s)/R(s) = 10/(s2+4s+5) 

Determine 

(i) Damping ratio 

(ii) Natural undammed resonance frequency 

 

 

 

 

PO1, PO2 
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(iii) Percentage peak overshoot 

(iv) Expression for error response. 

 

4 With neat sketch explain all the time domain specifications PO1, PO2 

 

5 

Determine the gain K so the system will have a damping ratio of 0.5.For this value 

of K find settling time (2% criterion) peak overshoot and time to peak overshoot for 

a unit step input 

 

PO1, PO2 

6 Explain proportional-integral-derivative controller and it effect on stability PO1, PO2 

7 Differentiate P,PI, PD and PID controllers and mention merits and demerits. PO1, PO2 

 

8 

Measurements conducted on a servomechanism show the system response to be 

C(t) = 1+0.2 e-60t – 1.2 e-10t , when subjected to a unit step input, obtain the 

expression for closed loop transfer function, the damping ratio & undamped 

natural frequency of oscillations. 

 

PO1, 

PO2,PO4 

 

9 

The transfer function of a control system is given by G(s) = 1/(1+sT)2 . Show that 

if the input is a step displacement, the output will complete 98.26% of the step in 

6T seconds for critical damping. 

PO1, 

PO2,PO4 

 

 

10 

A servo system for the position control of a rotable mass is stabilized by viscous 

friction damping which is three-quarters of that is needed for critical damping. The 

undamped natural frequency of the system in 12Hz. Derive an expression for the 

output of the system, if the input control is suddenly moved to a new position, 

being initially at rest. Hence, find the maximum overshoot. 

 

 

PO1, 

PO2,PO4 
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Question 

No. 
Questions 

PO 
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UNIT – 3: STABILITY ANALYSIS AND ROOT–LOCUS TECHNIQUES 

PART A ( 2 Marks) 

1 Define stability PO1 

2 State Nyquist stability criterion PO1 

3 What is nyquist contour PO1 

4 Define Relative stability PO1 

5 
What will be the nature of impulse response when the roots of characteristic 
equation are lying on imaginary axis? 

PO1 

6 What is Routh stability criterion? PO1 

7 What is limitedly stable system? PO1 

8 In routh array what conclusion you can make when there is a row of all zeros? PO1 

9 What are root loci? PO1 

10 What is a dominant pole? PO1 

11 What are the main significances of root locus? PO1 

12 What are break away and break in points? PO1 

13 What are asymptotes? How will you find angle of asymptotes? PO1 

14 What is centroid? PO1 

15 How will you find the root locus on real axis? PO1 

16 What is characteristic equation? PO1 

17 How the roots of characteristic are related to stability? PO1 

18 What is the necessary condition for stability? PO1 

19 What are the requirements for BIBO Stability? PO1 

20 What is auxiliary polynomial? PO1 

PART-B (10 Marks) 

 

1 

Plot the root locus pattern of a system whose forward path transfer function is 

 

. 

 

PO1, 

PO2,PO3 

 

 

2 

Using Routh criterion investigate the stability of a unity feedback control system 

whose open loop transfer function is given by. 

 

 

 

 

PO1, 

PO2,PO3 

 

 

3 

Sketch the root locus plot for the open loop transfer function given below Calculate 

the value of K at 

i) break away point and ii) S= -0.7 +j0.9.  

 

PO1, 

PO2,PO3 

 

4 

Using Routh-Hurwitz criterion, determine the stability of the closed loop system 

that has the following characteristic equation and also determine the number of 

roots that are in the right half s-plane and on the imaginary axis. 

 

 

PO1, 

PO2,PO3 
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5 

Find the angles of departure and arrival for all complex poles and zeros of the open 

loop transfer function of 
 

 

 

 

 

PO1, 

PO2,PO3 

 

6 

Determine the value of K such that the roots of the characteristics equation given 

below lie to the left of line S= -1. 

 

PO1, 
PO2,PO3 

 

 

7 

Plot the root locus pattern of a system whose forward path transfer function is 
 

 
 

 

 

 

PO1, 

PO2,PO3 

 

 

8 

Find the angles of asymptotes and the intersect of the asymptotes of the root locus 
of the following equation when K varies from   to  

 

 

PO1, 

PO2,PO3 

 

 

9 

 

Sketch the root-locus of G(s) = k/(s2+10s+100)  

PO1, 

PO2,PO3 

 

10 

With the help of Routh Hurwitz criterion comments upon the stability of the 

system having the following characteristic equation 

S6+s5-2s4-3s3-7s2-4s-4=0 

 

PO1, 
PO2,PO3 
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Question 

No. 
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PO 
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UNIT – 4: FREQUENCY DOMAIN ANALYSIS 

PART A ( 2 Marks) 

1 What is frequency response? PO1 

2 List out the different frequency domain specifications PO1 

3 Define –resonant Peak PO1 

4 What is bandwidth PO1 

5 Define Cut-off rate PO1 

6 Define –Gain Margin PO1 

7 Define Phase cross over PO1 

8 What is phase margin PO1 

9 Define Gain cross over PO1 

10 What are the main advantages of Bode plot? PO1 

11 Define Corner frequency PO1 

12 Define Phase lag and phase lead PO1 

13 What are the uses of lead compensator PO1 

14 When lag/lead/lag-lead compensation is employed PO1 

15 What are the effects of adding a zero to a system PO1 

16 What is the use of lag compensator PO1 

17 What are the three types of compensators PO1 

18 What is Bode plot? PO1 

19 What is polar plot PO1 

20 When lag-lead compensator is required PO1 

PART-B (10 Marks) 

 

 

 

1 

The open loop transfer function of a unity feedback system is given by draw the 

bode plot, 

 

 

find the gain margin and phase margin and 

comment on stability by bode plot. 

 

 

 

PO1, 

PO2,PO3 

 

 

 

2 

Construct Bode plot for the system whose open loop transfer function is given 

below and determine (i) the gain margin (ii) the phase margin and (iii) the closed 

loop stability 
 

 

 

 

 

PO1, 

PO2,PO3 

 

3 

The loop transfer function of a system is given by 
 

 
Using Bode diagram, find gain and phase margins of the 

 

PO1, 

PO2,PO3 
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 system.  

 

 

4 

Sketch the Bode plot for the open loop transfer function for the unity feedback 

system given below and assess stability  

 

PO1, 

PO2,PO3 

 

 

5 

The forward path transfer function of a unity feedback system is given by 
 

 

Using Bode diagram, determine the value of K so that 

the gain margin of the system is 20 dB. 

 

 
PO1, 

PO2,PO3 

 

 

6 
Draw the Nyquist plot of and there from  determine 

range of K for stability using Nyquist Criterion. 

 

PO1, 

PO2,PO3 

 

7 
Draw the polar plot of  and there from determine i)range 

of K for stability using Nyquist Criterion. 

 

PO1, 

PO2,PO3 

 

 

 

8 

Sketch the Nyquist Plot for a unity feedback system having open- 

loop transfer function given by- 

G(s) = k/s(1+s)(1+2s)(1+3s) 

Determine the range of values of k for which the system is stable. 

 

 

 

PO1, 

PO2,PO3 

 

 

9 

Sketch the polar plot for the following transfer function- 

 

G(s) = 1/s(s+1) 

 

 

PO1, 

PO2,PO3 

 

 

 

10 

The open loop transfer function of a unity gain feedback is given by- 
G(s) = k(s+2)/(s4+3s3+4s2+2s) , k>=0 

(a) Determine all the poles & zeros of G(s). 

(b) Draw the root locus. 

 

 

 

PO1, 

PO2,PO3 

 



10 
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UNIT - V 

PART A ( 2 Marks) 

1 Define state and state variable. PO1 

2 Write the general form of state variable matrix. PO1 

3 Write the properties of state transition matrix. PO1 

4  PO1 

5 Define controllability? PO1 

6 What is observability? PO1 

7  PO1 

8 What is similarity transformation? PO1 

9 What is the need for controllability test? PO1 

10 What is the need for observability test? PO1 

11 State the condition for controllability by Gilbert’s method PO1 

12 State the condition for observability by Gilbert’s method PO1 

13 State the duality between controllability and observability. PO1 

14  PO1 

15  PO1 

16  PO1 

17 List the advantages of state space representation PO1 

18 Define state equation PO1 

19  PO1 

20  PO1 

PART-B (10 Marks) 

 

1 

Construct a state model for a system characterized 

by the differential equation    
𝑑3𝑦

𝑑𝑡3 +
𝑑2𝑦

𝑑𝑡2 +
𝑑𝑦

𝑑𝑡
+ 6𝑦 + 𝑢 = 0  

 

PO1, PO2 

 

 

 

 

 

2 

A system is characterized by the following state space equations. 
 

 
Find the transfer function of the system. 

Compute the state transition matrix. 

Solve the state equation for the unit step input under zero initial conditions. 

 

 

 

 

 

 

PO1, PO2 
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3 

  

 

 

PO1, PO2 

 

 

 

4 

Test the system represented by following equations is state controllable and 
observable. 

 
 

 

 

 

 

PO1, PO2 

 

5 

 

with initial conditions 

 
. Calculate STM, complete solution x(t) and y(t). 

 

PO1, PO2 

 

 

 

6 

Define controllability and observability. Find controllability and observability of 

the given system 
 

 

 

PO1, PO2 

 

7 

Derive the Expression for the Transfer function from the state model 

 

 

PO1, PO2 

 

 

 

8 

State equation of a control system is given by- 
 

 

Obtain the state-transition Matrix. 

 

 

 

PO1, PO2 

9 
Determine the state controllability & observability of the system 

described by- 
PO1, PO2 
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10 

A feedback system has a closed loop transfer 

function- 10(s+4)/s(s+1)(s+3) Construct state model 

& its representation. 

 

 

 

PO1, PO2 
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