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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE, PERAMBALUR - 621212 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

EC6405 - CONTROL SYSTEM ENGINEERING 

QUESTION BANK 

UNIT – I CONTROL SYSTEM MODELING 

PART – A 

1. What is control system? (Nov/Dec-16) 

A system consists of a number of components connected together to perform a specific 

function. In a system when the output quantity is controlled by varying the input quantity then the 

system is called control system. 

2. Distinguish between open loop and closed loop system. (Apr/May-17, May/Jun-16, Nov/Dec-14, 

Nov/Dec-10, May/Jun-10) 

S. No Open Loop Closed Loop 

1 Inaccurate Accurate 

2 Simple and Economical Complex and Costlier 

3 

The change in output due to 

external disturbance are not 

corrected 

The change in output due to 

external disturbance are 

corrected automatically 

4 
May oscillate and become un 

stable 
They are generally stable 

 

3. Define open loop control system. (Nov/Dec-11, May/Jun-11) 

The control system in which the output quantity has no effect upon the input quantity are 

called open loop control system. This means that the output is not feedback to the input for correction. 

4. Define closed loop control system. (Nov/Dec-11, May/Jun-11) 

The control system in which the output has an effect upon the input quantity so as to maintain 

the desired output values are called closed loop control system. 

5. What are the advantages of closed loop control system? (Nov/Dec-15, Nov/Dec-12, May/Jun-12) 

The negative feedback results in better stability in steady state and rejects any disturbance 

signals. 

6. Define transfer function. (Nov/Dec-13, Nov/Dec-10) 

The T.F of a system is defined as the ratio of the Laplace transform of output (Y(s)) to Laplace 

transform of input (Y(s)) with zero initial conditions. 

H(s) = Y(s) / X(s) 
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7. What are the basic elements used for modeling mechanical translational system? Write the 

force balance equation of basic elements. (Nov/Dec-16, Apr/May-15, Nov/Dec-15) 

 Mechanical translational system  

Mass, spring and dashpot. 

F = M d2x /dt2 

F = B dx /dt 

F = Kx 

8. What are the basic elements used for modeling mechanical rotational system? Write the 

force balance equation of basic elements. (Nov/Dec-16, Apr/May-15, Nov/Dec-15) 

 Mechanical rotational system 

Moment of inertia J, Dashpot with rotational frictional coefficient B & Torsion spring 

with stiffness K 

F = J d2 /dt2 

F = B d  /dt 

F = K 

9. What is Block Diagram? What are the basic components of Block diagram? (Nov/Dec-15, 

Nov/Dec-11) 

A Block Diagram of a system is a pictorial representation of the functions performed by each 

component of the system and shows the flow of signals.  

The basic elements of block diagram are blocks, branch point and summing point. 

10. What is a signal flow graph and Write Masons Gain formula. (Apr/May-17, May/Jun-16, 

May/Jun-15, Nov/Dec-14, May/Jun-14, May/Jun-13) 

A signal flow graph is a diagram that represents a set of simultaneous algebraic equations .By 

taking L.T the time domain differential equations governing a control system can be transferred to a 

set of algebraic equations in s-domain. Masons Gain formula states that the overall gain of the system is T = 1/ ∆k Pk  

k- No.of forward paths in the signal flow graph.  

Pk- Forward path gain of kth forward path ∆k =1-[sum of individual loop gains] + [sum of gain products of all possible combinations of 

two non touching loops]-[sum of gain products of all possible combinations of three non touching 

loops] +… 

k - for that part of the graph which is not touching kth forward path. 
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PART-B (Answers as Hint) 

1. Write the differential equations governing the mechanical translational system as shown in 

figure and determine the transfer function. (May/Jun-16) 

 

 To find equation on ܯଵand ܯଶ. (5 Marks) 

 ܯଵ 𝑑మ௫భ𝑑𝑡మ + ܤ 𝑑ሺ௫భ−௫ሻ𝑑𝑡 + ଵܤ 𝑑௫భ𝑑𝑡 + ݔଵܭ + ଵݔሺܭ − ሻݔ = Ͳ 

 ܯଶ 𝑑మ௫𝑑𝑡మ + ܤ 𝑑ሺ௫−௫భሻ𝑑𝑡 + ଵܤ 𝑑௫𝑑𝑡 + ݔሺܭ − ଵሻݔ = 𝑓ሺݐሻ 

 To find Laplace transform equation for above equation. (5 Marks) 

 ܯଵܵଶ𝑋ଵሺܵሻ + 𝑋ଵሺܵሻ]ܵܤ − 𝑋ሺܵሻ] + ଵ𝑋ଵሺܵሻܤ + ଵ𝑋ሺܵሻܭ +  0=[𝑋ଵ(S) − X(S)]ܭ

 ܯଶܵଶ𝑋ሺܵሻ  + 𝑋ሺܵሻ]ܵܤ  − 𝑋ଵሺܵሻ] + ଵ𝑋ሺܵሻܤ + 𝑋ሺSሻ]ܭ − XଵሺSሻ] =  ሺܵሻܨ

 Solve the above equation and find transfer function. (6 Marks) 

 Transfer function=
𝑋ሺௌሻிሺௌሻ = ெభௌమ+భ++ௌ[భ+][ெమௌమ+ௌሺ+మሻ+మ][ெభௌమ+భ++ௌሺభ+ሻ]−[ௌ+]మ 

2. Draw the equivalent electrical analogous circuit for the mechanical system in Fig using 

force-voltage analogy. (Apr/May-17) 

 

 To find equation on ܯଵand ܯଶ. (5 Marks) 

 ܯ 𝑑మ௬ሺ𝑡ሻ𝑑𝑡మ + ܤ 𝑑௬ሺ𝑡ሻ𝑑𝑡 + ሻݐሺݕܭ =  ሻݐሺݑ

 Force voltage and force Current equation. (5 Marks) 

(i) Force voltage equation: 

 𝑉ሺݐሻ = ܮ 𝑑𝑖𝑑𝑡 + ଵ ∫ 𝑖𝑑ݐ + ܴ𝑖 

   (ii) Force current equation: 

 ܫሺݐሻ = ܥ 𝑑𝑣𝑑𝑡 + ଵ ∫ 𝑉𝑑ݐ + ଵோ 𝑉 

 Draw the equivalent electrical analogous circuit. (6 Marks) 

 Force voltage electrical circuits: 

       

 

 

 ܥ ܮ ܴ

V(t)              + 
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 Force current electrical circuits: 

 

 

 

3. Write differential equations governing the mechanical rotational system shown in 

Fig. below. Draw the electrical equivalent analogy circuits (current and voltage) 

(Nov/Dec-16) 

 

 To find equation on ܬଵand ܬଶ. (5 Marks) 

 ܬଵ 𝑑మ𝜃భ𝑑𝑡మ + ଵܤ 𝑑𝜃భ𝑑𝑡 + ଵ[𝜃ଵܭ − 𝜃ଶ] = ܶ 

 ܬଶ 𝑑మ𝜃మ𝑑𝑡మ + ଶܤ 𝑑𝜃మ𝑑𝑡 + ଵ[𝜃ଶܭ − 𝜃ଵ] + ଶ𝜃ଶܭ = Ͳ 

 Force voltage and force Current equation. (5 Marks) 

 (i) Force voltage equation: 

 𝑉ሺݐሻ = ଵܮ 𝑑𝑖భ𝑑𝑡 + ܴଵ𝑖ଵ + ଵభ ∫ሺ𝑖ଵ − 𝑖ଶሻ𝑑ݐ 

 ܮଶ 𝑑𝑖మ𝑑𝑡 + ܴଶ𝑖ଶ + ଵభ ∫ሺ𝑖ଶ − 𝑖ଵሻ𝑑ݐ + ଵమ ∫ 𝑖ଶ𝑑ݐ = Ͳ 

(ii) Force current equation: 

 ܫሺݐሻ = ଵܥ 𝑑𝑣భ𝑑𝑡 + ଵݒଵܩ + ଵభ ∫ሺݒଵ −  ݐଶሻ𝑑ݒ

 ܥଶ 𝑑𝑣మ𝑑𝑡 + ଶݒଶܩ + ଵభ ∫ሺݒଶ − ݐଵሻ𝑑ݒ + ଵమ ∫ ݐଶ𝑑ݒ = Ͳ 

 Draw the equivalent electrical analogous circuit. (6 Marks) 

 Force voltage electrical circuits: 

  

  

  

 

 Force current electrical circuits: 

 ଶݒ ଵݒ 

 

 

 

 

 ଶܮ

   𝑖ଶ 𝑖ଵ 

 

ܴଶ ܥଶ ܮଶ ܥଵ 

ܴଵ ܮଵ 

 V(t)            + 

ͳ/ܴଵ 
  I(t)          

 ଶ ͳ/ܴଶܥ ଵܥ ଵܮ

  I(t)          
 ܮ ܴ/ͳ ܥ
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4. Write the differential equations governing the mechanical translational system as shown in 

figure. Draw the Force-Voltage and Force-Current electrical analogous circuits and verify by 

mesh and node equations. (Nov/Dec-15) 

 

 To find equation on ܯଵ,  ଷ. (5 Marks)ܯ ଶandܯ

 ܯଵ 𝑑మ௫భ𝑑𝑡మ + ଵܤ 𝑑௫భ𝑑𝑡 + ଵݔଵܭ + ଵݔଶሺܭ − ଶሻݔ = 𝑓ଵሺݐሻ 

 ܯଶ 𝑑మ௫మ𝑑𝑡మ + ଶݔଶሺܭ − ଶݔଷሺܭ+ଵሻݔ − ଷሻݔ + ଷܤ 𝑑ሺ௫మ−௫యሻ𝑑𝑡 = 𝑓ଶሺݐሻ 

 ܯଷ 𝑑మ௫య𝑑𝑡మ + ଷܤ 𝑑ሺ௫య−௫మሻ𝑑𝑡 ଷݔଷሺܭ+ − ଶሻݔ = Ͳ 

 Force voltage and force Current equation. (5 Marks) 

(i) Force voltage equation: 

 𝑉ଵሺݐሻ = ଵܮ 𝑑𝑖భ𝑑𝑡 + ଵభ ∫ 𝑖ଵ𝑑ݐ + ܴଵ𝑖ଵ + ଵమ ∫ሺ𝑖ଵ − 𝑖ଶሻ𝑑ݐ 

 𝑉ଶሺݐሻ = ଶܮ 𝑑𝑖మ𝑑𝑡 + ଵమ ∫ሺ𝑖ଶ − 𝑖ଵሻ𝑑ݐ + ܴଷሺ𝑖ଶ − 𝑖ଷሻ + ଵయ ∫ሺ𝑖ଶ − 𝑖ଷሻ𝑑ݐ 

 ܮଷ 𝑑𝑖య𝑑𝑡 + ଵయ ∫ሺ𝑖ଷ − 𝑖ଶሻ𝑑ݐ + ܴଷሺ𝑖ଷ − 𝑖ଶሻ = Ͳ 

   (ii) Force current equation: 

 ܫଵሺݐሻ = ଵܥ 𝑑𝑣భ𝑑𝑡 + ଵభ ∫ ݐଵ𝑑ݒ + ଵݒଵܩ + ଵమ ∫ሺݒଵ −  ݐଶሻ𝑑ݒ

 ܫଶሺݐሻ = ଶܥ 𝑑𝑣మ𝑑𝑡 + ଵమ ∫ሺݒଶ − ݐଵሻ𝑑ݒ + ଶݒଷሺܩ − ଷሻݒ + ଵయ ∫ሺݒଶ −  ݐଷሻ𝑑ݒ

 ܥଷ 𝑑𝑣య𝑑𝑡 + ଵయ ∫ሺݒଷ − ݐଶሻ𝑑ݒ + ଷݒଷሺܩ − ଶሻݒ = Ͳ 

 Draw the equivalent electrical analogous circuit. (6 Marks) 

 Force voltage electrical circuits: 

 

 

 

 

 

 Force current electrical circuits: 

 

 

 

 

ܴଵ ܮଵ ܥଵ 𝑉ଵሺݐሻ            + ܥଶ 

𝑉ଶሺݐሻ 

+             -  

 

 
 ଶܮ

 ଷܥ

ܴଷ 

 ଷܮ

𝑖ଵ 

 

𝑖ଶ 

 

𝑖ଷ 

 

          ሻݐଵሺܫ    
 ଵܮ ଵܩ ଵܥ

          ሻݐଶሺܫ    

 ଶܥ ଶܮ

 ଷܩ

 ଷܥ ଵܮ
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5. Write the differential equations governing the mechanical translational system as shown in 

figure. Draw the Force-Voltage and Force-Current electrical analogous circuits and verify by 

mesh and node equations. (Nov/Dec-14) 

 

 To find equation on ܯଵ,  ଷ. (5 Marks)ܯ ଶandܯ

 ܯଵ 𝑑మ௫భ𝑑𝑡మ + ଵܤ 𝑑௫భ𝑑𝑡 + ଵଶܤ 𝑑ሺ௫భ−௫మሻ𝑑𝑡 + ଵݔଵሺܭ − ଶሻݔ =  ሻݐሺܨ

 ܯଶ 𝑑మ௫మ𝑑𝑡మ + ଶݔଶܭ + ଶܤ 𝑑௫మ𝑑𝑡 + ଵଶܤ 𝑑ሺ௫మ−௫భሻ𝑑𝑡 + ଶݔଵሺܭ − ଵሻݔ = Ͳ 

 Force voltage and force Current equation. (5 Marks) 

(i) Force voltage equation: 

 𝑉ሺݐሻ = ଵܮ 𝑑𝑖భ𝑑𝑡 + ܴଵ𝑖ଵ + ܴଵଶሺ𝑖ଵ − 𝑖ଶሻ + ଵభ ∫ሺ𝑖ଵ − 𝑖ଶሻ𝑑ݐ 

 ܮଶ 𝑑𝑖మ𝑑𝑡 + ଵభ ∫ሺ𝑖ଶ − 𝑖ଵሻ𝑑ݐ + ܴଶ𝑖ଶ + ܴଵଶሺ𝑖ଶ − 𝑖ଵሻ + ଵమ ∫ 𝑖ଶ𝑑ݐ = Ͳ 

   (ii) Force current equation: 

 ܫሺݐሻ = ଵܥ 𝑑𝑣భ𝑑𝑡 + ଵݒଵܩ + ଵݒଵଶሺܩ − ଶሻݒ + ଵభ ∫ሺݒଵ −  ݐଶሻ𝑑ݒ

 ܥଶ 𝑑𝑣మ𝑑𝑡 + ଵభ ∫ሺݒଶ − ݐଵሻ𝑑ݒ + ଶݒଶܩ + ଶݒଵଶሺܩ − ଵሻݒ + ଵమ ∫ ݐଶ𝑑ݒ = Ͳ 

 Draw the equivalent electrical analogous circuit. (6 Marks) 

 Force voltage electrical circuits: 

 

 

 

 

 

 Force current electrical circuits: 

 

 

 

 

 

 

 

 

ܴଵ ܮଵ 𝑉ሺݐሻ            + 

 ଶܮ

 ଵܥ

ܴଵଶ 𝑖ଵ 

 

𝑖ଶ 

 

ܴଶ ܥଶ 

          ሻݐሺܫ    
 ଶܥ

 ଵଶܩ

 ଵܮ ଵܩ ଶܩ ଵܥ ଵܮ
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6. For the block diagram shown below, find the output C due to R and disturbance D. 

(May/Jun-11, Nov/Dec-12) 

 
 Case(i): (8 Marks) 

 When R is acting alone; D=0, therefor the block diagram is reduced as below 

 

 Use different block reduction techniques and find the transfer function ܴܥ = ଷͳܩଶܩଵܩ + ଵܩ + ଵܪଷܩ − ଵܪଷܩଵܩ +  ଶܪଷܩଶܩଵܩ

 Case(ii): (8 Marks) 

 When D is acting alone; R=0, therefor the block diagram is reduced as below 

 

 Use different block reduction techniques and find the transfer function ܦܥ = ଷሺͳܩ + ଵሻͳܩ + ଵܩ + ଵܪଷܩ + ଵܪଷܩଵܩ +  ଶܪଷܩଶܩଵܩ

7. Reduce the block diagram shown below and find C/R. (Nov/Dec-16) 

 

 Use different block reduction techniques and find the transfer function ܥሺܵሻܴሺܵሻ = ସͳܩଷܩଶܩଵܩ + ଶܪଷܩଶܩ + ଵܪସܩଷܩ +  ସܩଷܩଶܩଵܩ
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8. Find the transfer function of the system shown in fig. using block diagram reduction 

technique and signal flow graph technique. (May/Jun-15) 

 

 Use different block reduction techniques and find the transfer function ܥሺܵሻܴሺܵሻ = ଷሺͳܩଶܩଵܩ − ଵሻሺͳܩ − ଵሻܪଶܩ + ଵܪଶܩଵܩʹ +  ଶܪଷܩଶܩଵܩ

9. Convert the block diagram shown in figure to signal flow graph and find the transfer 

function using Mason’s gain formula. Verify with Block diagram approach. (May/Jun-16) 

 

 Block diagram reduction method: (8 Marks) 

 Solve the problem using block reduction techniques and find the transfer function ܥሺܵሻܴሺܵሻ = ଶܩଵܩ + ଷͳܩ − ܪଵܩ  

 Signal flow graph: (8 Marks) 

 Solve the problem using signal flow graph techniques and find the transfer function 

Formula: (2 Marks) 

 ܶ = ଵ∆ 𝑃ଵ∆ଵ 

 ܶ = ீభீమ+ீయଵ−ீభு  

10. Simplify the following diagram using block diagram reduction method. Also derive the 

transfer function of the same using signal flow graph. (Apr/May–17) 

 

 Block diagram reduction method: (8 Marks) 

 Solve the problem using block reduction techniques and find the transfer function 
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ሺܵሻܴሺܵሻܥ = ଷͳܩଶܩଵܩ + ଶܪଷܩଶܩ − ଵܪଶܩଵܩ +  ଷܩଶܩଵܩ

 Signal flow graph: (8 Marks) 

 Solve the problem using signal flow graph techniques and find the transfer function 

Formula: (2 Marks) 

 ܶ = ଵ∆ 𝑃ଵ∆ଵ ܶ = ଷͳܩଶܩଵܩ + ଶܪଷܩଶܩ − ଵܪଶܩଵܩ +  ଷܩଶܩଵܩ

11. The signal flow graph for a feedback system is shown in fig. Determine the closed loop 

transfer function C(S)/R(S). (Nov/Dec-15) 

 

 Signal flow graph:  

 Find forward path gain: (3 Marks) 

 Find individual loop gain: (3 Marks) 

 Find product of two non touching loops: (3 Marks) 

 Calculate  and ∆𝑘: (3 Marks) 

 Solve the problem using signal flow graph techniques and find the transfer function 

Formula: (3 Marks) 

 ܶ = ଵ∆ 𝑃ଵ∆ଵ 

 Transfer function: (1 Mark) ܶ = ହܩସܩଷܩଶܩଵܩ + ͳܩହܩଶܩଵܩ − ଵܪଶܩ − ଶܪଷܩ − ଷܪସܩ − ଷܪଶܪܩ +  ଷܪଵܪସܩଶܩ

12. The signal flow graph for a feedback control system is shown in figure. Determine the 

closed loop transfer function C(s)/R(s). (Nov/Dec-14) 

 

 Signal flow graph:  

 Find forward path gain: (3 Marks) 

 Find individual loop gain: (3 Marks) 

 Find product of two non touching loops: (3 Marks) 

 Calculate  and ∆𝑘: (3 Marks) 
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 Solve the problem using signal flow graph techniques and find the transfer function 

Formula: (3 Marks) 

 ܶ = ଵ∆ 𝑃ଵ∆ଵ 

 Transfer function: (1 Mark) ܶ = ଷͳܩଶܩଵܩ + ଶܪଷܩଶܩ − ଵܪଶܩଵܩ +  ଷܩଶܩଵܩ
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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE, PERAMBALUR - 621212 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

EC6405 - CONTROL SYSTEM ENGINEERING 

QUESTION BANK 

UNIT - II TIME RESPONSE ANALYSIS 

PART - A 

1. What is transient response & steady state response? (Nov/Dec-12) 

The transient response is the response of the system when the system changes from one state 

to another. 

The steady state response is the response of the system when it approaches infinity. 

2. What is an order of a system? (Nov/Dec-15) 

The order of a system is the order of the differential equation governing the system. The order 

of the system can be obtained from the transfer function of the given system. 

3. Define Damping ratio. 

Damping ratio is defined as the ratio of actual damping to critical damping. 

4. List the time domain specifications. (Nov/Dec-16, Nov/Dec-15, Nov/Dec-14) 

  The time domain specifications are 

 i. Rise Time 

ii. Peak time 

iii. Delay Time 

iv. Peak overshoot 

5. Define Delay time, Rise time, Peak time, Peak overshoot, Settling time. (May/Jun-14, 

Nov/Dec-12, Nov/Dec-11, Nov/Dec-10) 

Delay time: The time taken for response to reach 50% of final value for the very first time is 

delay time. 

Rise time: The time taken for response to raise from 0% to 100% for the very first time is rise 

time. 

Peak time: The time taken for the response to reach the peak value for the first time is peak 

time. 

Peak overshoot: Peak overshoot is defined as the ratio of maximum peak value measured 

from the maximum value to final value. 

Settling time: Settling time is defined as the time taken by the response to reach and stay 

within specified error. 

6. Define Steady state error. (Apr/May-17, Nov/Dec-16, Nov/Dec-15, Nov/Dec-10) 

The steady state error is defined as the value of error as time tends to infinity. 
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7.  What are static error constants? (May/Jun-13, Nov/Dec-13) 

 Positional error constant - Kp 

 Velocity error constant - Kv 

Acceleration error constant Ka 

8. What are the different types of controllers? 

 Proportional controller 

 PI controller 

 PD controller 

 PID controller 

9. Why derivative controller is not used in control systems? (May/Jun-12, May/Jun-11) 

The derivative controller produces a control action based on the rate of change of error signal 

and it does not produce corrective measures for any constant error. 

10. Name the test signals used in control system. (Nov/Dec-15, May/Jun-16 

The commonly used test input signals in control system are impulse step ramp acceleration 

and sinusoidal signals. 

11. What is the effect of PD, PI controller on system performance? (Nov/Dec-16) 

The effect of PD controller is to increase the damping ratio of the system and so the peak 

overshoot is reduced. 

The PI controller increases the order of the system by one, which results in reducing the steady 

state error .But the system becomes less stable than the original system. 

PART – B (Answers as Hint) 

1. (a) Derive the expressions and draw the response of first order system for unit step input. 

(May/Jun-16, Nov/Dec-15) 

 Draw the block diagram: (2 Marks) 

 

 

 

 

 Find closed loop transfer function: (2 Marks) 

 
𝐶ሺ௦ሻோሺ௦ሻ = ଵଵ+்௦  

 Let ܴሺܵሻ = ଵௌ 

 𝐶ሺܵሻ = ଵ⁄்ௌቀௌ+భቁ 

 Find the response in time domain: (2 Marks) 

 ܿሺݐሻ = ͳ − ݁− 

R(s)      C(s) 

 
ͳܶݏ 
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 Draw the response of first order system: (2 Marks) 

               r(t) c(t) 

1 

 

 

0 t 0 

(b) The unity feedback system is characterized by an open loop transfer functionࡳሺࡿሻ = 𝑲ࡿሺࡿ+ሻ. Determine the gain K, so that the system will have a damping ratio of 0.5. For this 

value of K, determine settling time, peak overshoot and time to peak overshoot for a unit 

step input. (Apr/May-17, May/Jun-16, May/Jun-14, Nov/Dec-12, May/Jun-11) 

 Given: (2 Marks) 

 GሺSሻ =  Kୗሺୗ+ଵሻ, H(S)=1 

 𝜁 = Ͳ.5 

 Solution: (6 Marks) 

 To find closed loop transfer function: (2 Mark) 

    
𝐶ሺௌሻோሺௌሻ = 𝐾ௌమ+ଵௌ+𝐾 

 To find K: (1 Mark) 

    𝜔𝑛 = √𝐾, K=100 

 To find percentage peak overshoot: (1 Marks) 

    %𝑀𝑝 = ݁ −𝜁𝜋√భ−𝜁మ𝑋ͳͲͲ = 16.3% 

 To find time to peak overshoot: (1 Marks) 

𝑝ݐ     = 𝜋𝜔𝑑=0.363 sec. 

 To find settling time: (1 Marks) 

௦ݐ     = ଷ𝜁𝜔𝑛  sec 0.6=%5 ݎ݂

     = ସ𝜁𝜔𝑛  sec 0.8=%ʹ ݎ݂

2. Draw the response of second order system for all case and when input is unit step. 

(Nov/Dec-16, May/Jun-15, May/Jun-13) 

 Consider Standard equation: 
𝐶ሺௌሻோሺௌሻ = 𝜔𝑛మௌమ+ଶ𝜁𝜔𝑛ௌ+𝜔𝑛మ ሻݐሺݎ , = ͳ, ܴሺܵሻ = ଵௌ 

 Case (i): Un damped system: 𝜻 =  (4 Marks) 

 Equation: 
𝐶ሺௌሻோሺௌሻ = 𝜔𝑛మௌమ+𝜔𝑛మ  

 Find the response in S domain: 𝐶ሺܵሻ = ଵௌ 𝜔𝑛మௌమ+𝜔𝑛మ  
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 Find the response in time domain:ܿሺݐሻ = ͳ −  ݐ𝜔𝑛ݏܿ

 Draw the response of first order system 

r(t) c(t) 

   1 

 

  

     t      t 

 Case (ii): Under damped system: 0< 𝜻 <1 (4 Marks) 

 Equation:  
𝐶ሺௌሻோሺௌሻ = 𝜔𝑛మௌమ+ଶ𝜁𝜔𝑛ௌ+𝜔𝑛మ 

 Find the response in S domain: 𝐶ሺܵሻ = ଵௌ ቀ 𝜔𝑛మௌమ+ଶ𝜁𝜔𝑛ௌ+𝜔𝑛మቁ 

 Find the response in time domain:ܿሺݐሻ = ͳ − −𝜁𝜔𝑛√ଵ−𝜁మ sin ሺ𝜔ௗݐ + 𝜃ሻ 

 Draw the response of first order system 

        r(t) c(t) 

           1 

 

 

     t      t 

 Case (iii): Critically damped system: 𝜻 =1 (4 Marks) 

 Equation:  
Cሺୗሻୖሺୗሻ = ωnమୗమ+ଶ𝜁ωnୗ+ωnమ , 

        
Cሺୗሻୖሺୗሻ = ωnమሺs+sభሻሺs+sమሻ   Where, ݏଵ = 𝜁𝜔𝑛 − 𝜔𝑛√𝜁ଶ − ͳ,   ݏଶ = 𝜁𝜔𝑛 + 𝜔𝑛√𝜁ଶ − ͳ 

 Find the response in S domain: 𝐶ሺܵሻ = ωnమsሺs+sభሻሺs+sమሻ 
 Find the response in time domain: ܿሺݐሻ = ͳ − 𝜔𝑛ଶ√𝜁మ−ଵ ቀ−ೞభ௦భ − −ೞమ௦మ ቁ 

 Draw the response of first order system 

       r(t) c(t)  

          1  

 

 

     t      t 

 Case (iv): Over damped system: 𝜻 >1 (4 Marks) 

 Equation:  
𝐶ሺௌሻோሺௌሻ = 𝜔𝑛మሺௌ+𝜔𝑛ሻమ 

 Find the response in S domain: 𝐶ሺܵሻ = ଵௌ 𝜔𝑛మሺௌ+𝜔𝑛ሻమ 

 Find the response in time domain:ܿሺݐሻ = ͳ − ݁−𝜔𝑛௧ሺͳ + 𝜔𝑛ݐሻ 
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 Draw the response of first order system 

             r(t) c(t)  

               1 

 

 

     t      t 

3. For a unity feedback control system the open loop transfer functionࡳሺ࢙ሻ = ሺ࢙+ሻ࢙ሺ࢙+ሻ. Find  

(a) The position, velocity and acceleration error constants.  

(b) The steady state error when the input is R(S) where ࡾሺࡿሻ = ࡿ − ࡿ + ࡿ (Nov/Dec-16) 

 Given: (2 Marks) 

 ܩሺܵሻ = ଵሺ௦+ଶሻ௦మሺ௦+ଵሻ,  

 H(S)=1 

 ܴሺܵሻ = ଷௌ − ଶௌమ + ଵଷௌయ 

 Solution: (14 Marks) 

 To find position error constants: (3 Mark) 

  𝐾𝑝 = lim௦→ ሺܵሻܪሺܵሻܩ = ∞. 

 To find velocity error constants: (3 Mark) 

  𝐾𝑣 = lim௦→ ሺܵሻܪሺܵሻܩܵ = ∞. 

 To find acceleration error constants: (3 Marks) 

  𝐾𝑎 = lim௦→ ܵଶܩሺܵሻܪሺܵሻ = ʹͲ. 

 To find error signal in S-domain: (3 Marks) 

   E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ    = ቀయೄ− మೄమ+ భయೄయቁ(ೄమሺೄ+భሻ+భబሺೄ+మሻೄమሺೄ+భሻ ) 

 To the steady state error:(2 Marks) 

  ݁௦௦ = lim௦→ ሻݏሺܧݏ = ଵ 

4. A unity feedback system has the forward transfer function ࡳሺࡿሻ =  𝑲ࡿሺ+ࡿሻ. For the input r(t) = 

1 + 5t, find the minimum value of K so that the steady state error is less than 0.1 (use final 

value theorem). (May/Jun-15) 

 Given: (4 Marks) 

 ܩሺܵሻ =  𝐾ௌሺଵ+ௌሻమ.  

 H(S)=1 

 r(t) = 1 + 5t 

 ݁௦௦ = Ͳ.ͳ 
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 Solution: (12 Marks) 

 To find R(S) (4 Mark) 

  ܴሺܵሻ = ଵௌ + ହௌమ. 

 To find error signal in S-domain: (4 Marks) 

   E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ 
                        = భೄ+ ఱೄమଵ+ 𝐾ೄሺభ+ೄሻమ 

 To the steady state error:(4 Marks) 

  ݁௦௦ = lim௦→ ሻݏሺܧݏ = ∞ 

5. Determine the steady state errors for the following inputs 5u(t),  5tu(t), 5t2u(t) to a system 

whose open loop transfer function is given by ࡳሺࡿሻ = [ሺࡿ+ሻሺ𝟔+ࡿሻ][ࡿሺࡿ+ሻሺࡿ+ሻ]  (Nov/Dec-14) 

 Given: (1 Marks) 

 ܩሺܵሻ = [ଵሺௌ+ଶሻሺௌ+ሻ][ௌሺௌ+ଷሻሺௌ+ସሻ] ,  

 H(S)=1 

 Solution: (15 Marks) 

 Case (i): Input is 5u(t): (5 Marks) 

 ܴሺܵሻ = ହௌ 

To find error signal in S-domain:  

   E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ 
                        = ఱೄଵ+[భబబሺೄ+మሻሺೄ+లሻ][ೄሺೄ+యሻሺೄ+రሻ]  

To the steady state error: 

  ݁௦௦ = lim௦→ ሻݏሺܧݏ = Ͳ 

 Case (ii): Input is 5tu(t): (5 Marks) 

 ܴሺܵሻ = ହௌమ 

To find error signal in S-domain:  

   E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ 
                        = ఱೄమଵ+[భబబሺೄ+మሻሺೄ+లሻ][ೄሺೄ+యሻሺೄ+రሻ]  

To the steady state error: 

  ݁௦௦ = lim௦→ ሻݏሺܧݏ = ଵଶ 
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 Case (iii): Input is 5࢚u(t): (5 Marks) 

 ܴሺܵሻ = ଵௌయ 

To find error signal in S-domain:  

   E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ 
                        = భబೄయଵ+[భబబሺೄ+మሻሺೄ+లሻ][ೄሺೄ+యሻሺೄ+రሻ]  

To the steady state error: 

  ݁௦௦ = lim௦→ ሻݏሺܧݏ = ∞ 

6. The open loop transfer function of a unity feedback system is given by 𝐆ሺ𝐒ሻ =  𝐒ሺ𝐒+ሻ. The 

input function is r(t) = 2 + 3t + t2. Determine generalized error coefficient and steady state 

error.(May/Jun-14) 

 Given: (2 Marks) 

 GሺSሻ =  ଶୗሺୗ+ଶሻ,  
 H(S)=1 

 r(t) = 2 + 3t + t2 

 Solution: (14 Marks) 

 To find steady state errors: (7 Marks) 

Input is r(t) = 2 + 3t + t2 

 ܴሺܵሻ = ଶௌ + ଷௌమ + ଶௌయ 

To find error signal in S-domain:  

  E(S)= ோሺௌሻଵ+ீሺௌሻுሺௌሻ 
                       = మೄ+ యೄమ+ మೄయଵ+ మబSሺS+మሻ 

To the steady state error: 

 ݁௦௦ = lim௦→ ሻݏሺܧݏ = ∞ 

 To find generalized error coefficient: (7 Marks) 

 To find ܨሺܵሻ = ଵଵ+ீሺௌሻுሺௌሻ 
  = ଵଵ+ మబSሺS+మሻ = ௌሺௌ+ଶሻௌሺௌ+ଶሻ+ଶ  

To find 𝑪 = →࢙ܕ𝐢ܔ ሻࡿሺࡲ =  

To find 𝑪 = →࢙ܕ𝐢ܔ 𝒅𝒅࢙ ሻࡿሺࡲ =  

To find 𝑪 = →࢙ܕ𝐢ܔ 𝒅𝒅࢙ ሻࡿሺࡲ = 𝟗 
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7. With suitable block diagrams and equations, explain the following types of controllers 

employed in control systems: a) Proportional controller, b) Proportional-plus-integral 

controller, c) PID controller, d)Integral controller(May/Jun-16, Nov/Dec-15, Nov/Dec-12, 

May/Jun-11, Nov/Dec-10) 

a) Proportional controller: (4 Marks) 

 Output is proportional to error signal input. 

 Block diagram: 

 R(S) E(S) M(S) 

 

 

 Equation: 𝑀ሺܵሻ = 𝐾𝑝ܧሺܵሻ  𝐾𝑝 = 𝑀ሺܵሻܧሺܵሻ  

b) Proportional-plus-Integral controller: (4 Marks)  

 Output is proportional to error signal input and integral component. 

 Block diagram: 

 R(S) E(S)                                 M(S) 

 

 

 Equation: 𝑀ሺݐሻ = 𝐾𝑝 ∫ ݁ሺݐሻ݀ݐ + 𝐾𝑝݁ሺݐሻ 

𝑀ሺܵሻ = 𝐾𝑝 ሺܵሻܶ𝑖ܵܧ + 𝐾𝑝ܧሺܵሻ 𝑀ሺܵሻܧሺܵሻ = 𝐾 [ͳ + ͳܶ
𝑖ܵ] 

 Effects: 

The PI controller increases the order of the system by one, which results in 

reducing the steady state error .But the system becomes less stable than the original 

system. 

c) PID controller: (4 Marks)  

 It is combination of proportional control action, derivative control action and integral 

control action. 

 Block diagram: 

 R(S) E(S)                                              M(S) 

 

𝐾𝑝 

𝐾𝑝 [ͳ + ͳܶ𝑖ܵ] 

𝐾𝑝 [ͳ + ௗܶܵ + ͳܶ𝑖ܵ] 



 

UNIT - II TIME RESPONSE ANALYSIS                                                  DSEC/ECE/QB 

 

EC6405 – Control Systems Engineering Page 9 

 

 

 Equation: 𝑀ሺݐሻ = 𝐾𝑝݁ሺݐሻ + 𝐾𝑖 ∫ ݁ሺݐሻ݀ݐ + 𝐾ௗܧሺݐሻ  𝑀ሺܵሻ = 𝐾𝑝ܧሺܵሻ + 𝐾𝑝 ሺܵሻܶ𝑖ܵܧ + 𝐾𝑝 ௗܶܵܧሺܵሻ 𝑀ሺܵሻܧሺܵሻ = 𝐾 [ͳ + ܶ݀ܵ + ͳܶ
𝑖ܵ] 

 

d) Integral controller: (4 Marks) 

 Output is proportional to integral of error signal input. 

 Block diagram: 

 R(S) E(S) M(S) 

 

 Equation: 𝑀ሺݐሻ = 𝐾𝑖 ∫ ݁ሺݐሻ݀ݐ  𝑀ሺܵሻܧሺܵሻ = 𝐾�ܵ�
 

8. Explain about briefly the operation of P, PI, and PID control compensation using MATLAB 

programs. (Apr/May-17) 

 MATLAB programs P control: 

Kp = 10; 

G = tf(Kp,1); 

t = 0:0.01:10; 

L = feedback (G*H,1) 

figure; step(L,t) 

grid 
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 MATLAB programs PI control: 

Kp = 100; 

 Ki = 10; 

 G = tf([Ki Kp],1) 

 t = 0:0.01:10; 

 L = feedback(G*H,1) 

 figure; step(L,t) 

grid 

 

 MATLAB programs PID control: 

Kp = 100; 

Kd = 10; 

Ki =1; 

 G = tf([Kd Kp Ki],[1 0]) 

t = 0:0.01:10; 

L = feedback(G*H,1) 

figure; step(L,t) 
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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE, PERAMBALUR - 621212 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

EC6405 - CONTROL SYSTEM ENGINEERING 

QUESTION BANK 

UNIT - III FREQUENCY RESPONSE ANALYSIS 

PART -A 

1. What is frequency response and List out the different frequency domain specifications? 

(May/Jun-16, Nov/Dec-11, Nov/Dec-10) 

A frequency response is the steady state response of a system when the input to the system is a 

sinusoidal signal. 

The frequency domain specifications are resonant peak, resonant frequency, Bandwidth, cutoff 

rate, Gain margin and Phase margin. 

2. Define Resonant Peak ȋ∆rȌ, resonant frequency ȋ∆fȌ. 

The maximum value of the magnitude of closed loop transfer function is called Resonant Peak. 

The frequency at which resonant peak occurs is called resonant frequency. 

3. What is Bandwidth? 

The Bandwidth is the range of frequencies for which the system gain is more than 3 dB. The 

bandwidth is a measure of the ability of a feedback system to reproduce the input signal noise 

rejection characteristics and rise time. 

4. Define Gain Margin. (Apr/May-17, May/Jun-14, Nov/Dec-14, Nov/Dec-13) 

The Gain Margin, kg is defined as the reciprocal of the magnitude of the open loop transfer 

function at phase cross over frequency. 

Gain margin kg = 1 / ∆G (j∆pc). 
5. What is Phase margin? (Apr/May-17, May/Jun-14, Nov/Dec-14, Nov/Dec-13) 

The Phase margin is the amount of phase lag at the gain cross over frequency required to bring 

system to the verge of instability. 

6. What is Bode plot? 

The Bode plot is the frequency response plot of the transfer function of a system. A Bode plot consists of two graphs. One is the plot of magnitude of sinusoidal transfer function versus log ∆. The 
other is a plot of the phase angle of a sinusoidal function versus log ∆. 
7. Define Corner frequency. (May/Jun-14, May/Jun-11, Nov/Dec-12) 

The frequency at which the two asymptotic meet in a magnitude plot is called Corner 

frequency. 

8. What are M and N circles? (May/Jun-16, Nov/Dec-15, Nov/Dec-13) 

The magnitude of closed loop transfer function with unit feedback can be shown for every 

value of M. These circles are called M circles. 
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If the phase of closed loop transfer function with unity feedback is , then it can be shown that 

tan  will be in the form of circle for every value of . These circles are called N circles 

9. What are Nichols charts and its advantage or uses? (May/Jun-15, Nov/Dec-14, Nov/Dec-12, 

May/Jun-12, Nov/Dec-10) 

The chart consisting if M & N loci in the log magnitude versus phase diagram is called Nichols 

chart.  

The advantages are it is used to find the closed loop frequency response from open loop 

frequency response. 

10. What is a compensator? List the types of compensators? 

  A device inserted into the system for the purpose of satisfying the specifications is called as a 

compensator. 

i. Lag compensator 

ii. Lead compensator 

iii. Lag-Lead compensator. 

 

PART – B(Answers as Hint) 

1. Sketch the bode plot for the following transfer function and determine the phase margin & 

gain margin. 𝑮ሺ𝑺ሻ = 𝑺ሺ+𝑺ሻሺ+𝑺ሻ  (Nov/Dec-15, Nov/Dec-13) 

 Given: (2 Marks) 

 𝐺ሺܵሻ = ଶௌሺଵ+ଷௌሻሺଵ+ସௌሻ   
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Sub S=j 

  𝐺ሺjሻ = ଶ୨ሺଵ+ଷ୨ሻሺଵ+ସ୨ሻ 
 Step: 2 (2 Mark) 

Find the corner frequency, slope in db: 

 𝜔ଵ = ଵସ = Ͳ.ʹͷ, 𝜔ଶ = ଵଷ = Ͳ.͵͵ 

 Choose 𝜔 = Ͳ.ͳͷ ܿ݁ݏ/݀ܽݎ, 𝜔ℎ = ͳ ܿ݁ݏ/݀ܽݎ 

Term 
Corner 

frequency 
Slope in db 

Change in 

slope 
Phase ʹͲ݆𝜔 - -20 - -90 ͳͳ + ݆Ͷ𝜔 0.25 -20 -20-20=-40 −tan−ଵ Ͷ𝜔 ͳͳ + ݆͵𝜔 0.33 -20 -40-20=-60 −tan−ଵ ͵𝜔 
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 Step: 3 (3 Mark) 

Find the gain: 

 At 𝜔 = 𝜔 A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log | ଶ.ଵହ| = Ͷʹ.ͷܾ݀ 

  At 𝜔 = 𝜔ଵ A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log | ଶ.ଶହ| = ͵ͺܾ݀ 

 At 𝜔 = 𝜔ଶ A=[݉ݎ݂ ݈݁ݏ 𝜔ଵݐ 𝜔ଶܺ log 𝜔𝑐మ𝜔𝑐భ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐భሻ = ͵͵ܾ݀ 

 At 𝜔 = 𝜔ℎ A=[݉ݎ݂ ݈݁ݏ 𝜔ଶݐ 𝜔ℎܺ log 𝜔ℎ𝜔𝑐మ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐మሻ = Ͷ ܾ݀ 

 Step: 4 (3 Mark) 

Find phase angle:  

 𝜑 = −ͻͲ − tan−ଵ ͵𝜔 − tan−ଵ Ͷ𝜔 𝝎 𝝋 

0.15 -145.18 ≈ −ͳͶ 

0.2 -159.61 ≈ −ͳͲ 

0.25 -171.86 ≈ −ͳʹ 

0.33 -187.5 ≈ −ͳͺͺ 

0.6 -218.32 ≈ −ʹͳͺ 

1 -237.56 ≈ −ʹ͵ͺ 

 Step: 5 (5 Mark) 

Draw the bode plot: 𝝎 Gain in db 𝝋 

0.15 42.5 -146 

0.25 38 -172 

0.33 33 -188 

1 4 -238 

Find gain margin & phase Margin: 

Gain cross over frequency: 𝜔𝑔 = ͳ.ͳ ܿ݁ݏ/݀ܽݎ 

Phase cross over frequency:𝜑𝑔 = Ͳ.ʹͻ ܿ݁ݏ/݀ܽݎ 

Gain Margin: 𝐾𝑔 = ͵ͷ ܾ݀ 

Phase Margin: ߛ = ∞ 
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2. Sketch Bode plot for the following transfer function and determine the system gain K for the 

gain cross over frequency to be 5 rad/sec 𝑮ሺ𝑺ሻ =  𝑲𝑺ሺ+.𝑺ሻሺ+.𝑺ሻ.(May/Jun-16, Nov/Dec-10) 

 Given: (2 Marks) 

 𝐺ሺܵሻ = 𝐾ௌమሺଵ+.ଶௌሻሺଵ+.ଶௌሻ   
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Let K=1 

Sub S=j  𝐺ሺjሻ = ሺ୨ሻమሺଵ+.ଶ୨ሻሺଵ+.ଶ୨ሻ 
 Step: 2 (2 Mark) 

Find the corner frequency, slope in db: 

 𝜔ଵ = ଵ.ଶ = ͷ, 𝜔ଶ = ଵ.ଶ = ͷͲ 

 Choose 𝜔 = Ͳ.ͳ ܿ݁ݏ/݀ܽݎ, 𝜔ℎ = ͳͲͲ ܿ݁ݏ/݀ܽݎ 

Term 
Corner 

frequency 
Slope in db 

Change in 

slope 
Phase 𝜔ଶ - +40 - 180 ͳͳ + ݆Ͳ.ʹ𝜔 5 -20 40-20=20 −tan−ଵ Ͳ.ʹ𝜔 ͳͳ + ݆Ͳ.Ͳʹ𝜔 50 -20 20-20=0 −tan−ଵ Ͳ.Ͳʹ𝜔 

 Step: 3 (3 Mark) 

Find the gain: 

 At 𝜔 = 𝜔 A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log|Ͳ.ͳଶ| = −ͶͲ ܾ݀ 

  At 𝜔 = 𝜔ଵ A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log|ͷଶ| = ʹͺܾ݀ 

 At 𝜔 = 𝜔ଶ A=[݉ݎ݂ ݈݁ݏ 𝜔ଵݐ 𝜔ଶܺ log 𝜔𝑐మ𝜔𝑐భ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐భሻ = Ͷͺ ܾ݀ 

 At 𝜔 = 𝜔ℎ A=[݉ݎ݂ ݈݁ݏ 𝜔ଶݐ 𝜔ℎܺ log 𝜔ℎ𝜔𝑐మ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐మሻ = Ͷͺ ܾ݀ 

 Step: 4 (3 Mark) 

Find phase angle:  

 𝜑 = ͳͺͲ − tan−ଵ Ͳ.ʹ𝜔 − tan−ଵ Ͳ.Ͳʹ𝜔 𝝎 𝝋 

0.1 178 

1 168 

5 130 

10 106 

50 50 

100 30 
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 Step: 5 (5 Mark) 

Draw the bode plot: 𝝎 Gain in db 𝝋 

0.1 -40 178 

5 28 130 

50 48 50 

100 48 30 

Find K if gain cross over frequency = 5 rad/sec: 

   At 𝜔 = ͷ ܿ݁ݏ/݀ܽݎ Gain = 28db 

     ʹͲ log 𝐾 = ʹͺ 

      𝐾 = ͳͲ−ቀమ8మబቁ = Ͳ.Ͳ͵ͻͺ     

3. Given 𝑮ሺ𝑺ሻ = 𝑲𝒆−.𝒔𝑺ሺ𝑺+ሻሺ𝑺+𝟖ሻ find K for the following two cases: 

i. Gain margin equal to 6 db,    

ii. Phase margin equal to 45. (Nov/Dec-12, May/Jun-11) 

 Given: (2 Marks) 

 𝐺ሺܵሻ = 𝐾−బ.మ𝑠ௌሺௌ+ଶሻሺௌ+଼ሻ   
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Let K=1 and 

 𝐺ሺܵሻ = .ଶହ−బ.మ𝑠ௌሺଵ+.ହௌሻሺଵ+.ଵଶହௌሻ 
Sub S=j  

 𝐺ሺjሻ = .ଶହ−బ.మj୨ሺଵ+.ହ୨ሻሺଵ+.ଵଶହ୨ሻ 
 Step: 2 (2 Mark) 

Find the corner frequency, slope in db: 

 𝜔ଵ = ଵ.ହ = ʹ, 𝜔ଶ = ଵ.ଵଶହ = ͺ,   Choose 𝜔 = Ͳ.ͷ ܿ݁ݏ/݀ܽݎ, 𝜔ℎ = ͷͲ ܿ݁ݏ/݀ܽݎ 

Term 
Corner 

frequency 
Slope in db 

Change in 

slope 
Phase ݁−.ଶ𝑗𝜔 - - - −Ͳ.ʹ𝜔ܺ ͳͺͲ𝜋  Ͳ.Ͳʹͷ݆𝜔  - -20 -20 −ͻͲ ͳͳ + ݆Ͳ.ͷ𝜔 2 -20 -20-20=-40 −tan−ଵ Ͳ.ͷ𝜔 ͳͳ + ݆Ͳ.ͳʹͷ𝜔 8 -20 -40-20=-60 −tan−ଵ Ͳ.ͳʹͷ𝜔 
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 Step: 3 (3 Mark) 

Find the gain: 

 At 𝜔 = 𝜔 A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log |.ଶହ.ହ | = −ͳͺ ܾ݀ 

  At 𝜔 = 𝜔ଵ A=|𝐺ሺ݆𝜔ሻ| = ʹͲ log |.ଶହଶ | = −͵Ͳܾ݀ 

 At 𝜔 = 𝜔ଶ A=[݉ݎ݂ ݈݁ݏ 𝜔ଵݐ 𝜔ଶܺ log 𝜔𝑐మ𝜔𝑐భ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐భሻ = −ͷͶ ܾ݀ 

 At 𝜔 = 𝜔ℎ A=[݉ݎ݂ ݈݁ݏ 𝜔ଶݐ 𝜔ℎܺ log 𝜔ℎ𝜔𝑐మ ] + 𝐴ሺA୲ 𝜔=𝜔𝑐మሻ = −ͳͲʹ ܾ݀ 

 Step: 4 (3 Mark) 

Find phase angle:  

 𝜑 = −Ͳ.ʹ𝜔ܺ ଵ଼𝜋 − ͻͲ − tan−ଵ Ͳ.ͷ𝜔 − tan−ଵ Ͳ.ͳʹͷ𝜔 𝝎 𝝋 

0.1 -94 

0.5 -114 

1 -134 

2 -172 

4 -226 

 

 Step: 5 (5 Mark) 

Draw the bode plot: 𝝎 Gain in db 𝝋 

0.1 - -94 

0.5 -18 -114 

1 - -134 

2 -30 -172 

4 - -226 

8 -54 - 

50 -102 - 

Find K if Gain margin = 6 db: 

 With K=1, the gain margin = 26db  

     ʹͲ log 𝐾 = ʹ 

      𝐾 = ͳͲ−ቀమ6మబቁ = Ͳ.ͲͷͲ     

Find K if Phase margin = 45: 

   With K=1, 𝜑𝑔 = ߛ + ͳͺͲ = Ͷͷ − ͳͺͲ = −ͳ͵ͷ 

At 𝜑𝑔 = −ͳ͵ͷGain = 24db 

     ʹͲ log 𝐾 = ʹͶ 

      𝐾 = ͳͲ−ቀమ4మబቁ = Ͳ.Ͳ͵     
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4. The open loop transfer function of a unity feedback system is given by 𝐆ሺ𝐒ሻ = 𝐒ሺ𝐒+ሻ. Sketch 

the polar plot and determine the gain and phase margin.  (Nov/Dec-16, May/Jun-14) 

 Given: (2 Marks) 

 GሺSሻ = ଵSሺS+ଵሻమ 

 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Sub S=j   

  Gሺjሻ = ଵ୨ሺ୨+ଵሻమ 

 Step: 2 (3 Marks) 

Write magnitude and phase equation: 

ܯ ݁݀ݑݐ݅݊݃ܽܯ  = ଵ𝜔ሺଵ+𝜔మሻ 
 𝑃ℎܽ݁ݏ ݈ܽ݊݃݁ 𝜑 = −ͻͲ −  ଵ𝜔−݊ܽݐʹ

 Step: 3 (3 Marks) 

Calculate magnitude and phase equation: 𝜔 0 0.2 0.4 0.6 0.8 1 5 0.01 0.5 0.76 1.22 2.2 4.81 ∞ ܯ 𝜑 -90 -112 -134 -152 -167 -180 -247 

 Step: 4 (3 Marks) 

Draw the polar plot: 

 Step: 5 (4 Marks) 

Find gain margin, phase margin: 

Gain cross over frequency: 𝜑𝑔 = −ͳͷͷ 

Phase cross over frequency:|𝐺ሺ݆𝜔ሻ| = Ͳ.ͷ 

Gain Margin: 𝐾𝑔 = ଵ|𝐺ሺ𝑗𝜔𝑐ሻ| = ଵ.ହ = ʹ 

Phase Margin: ߛ = ͳͺͲ − ͳͷͷ = ʹͷ 

5. The open loop transfer function of a unity feedback system is given by 𝑮ሺ𝑺ሻ =  𝑺ሺ+𝑺ሻሺ+𝑺ሻ. 
Sketch the polar plot and determine the gain margin and phase margin. (Nov/Dec-10, 

Nov/Dec-15) 

 Given: (2 Marks) 

 GሺSሻ = ଵௌమሺଵ+ௌሻሺଵ+ଶௌሻ 
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Sub S=j,  Gሺjሻ = ଵ୨మሺଵ+୨ሻሺଵ+ଶ୨ሻ 
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 Step: 2 (3 Marks) 

Write magnitude and phase equation: 

ܯ ݁݀ݑݐ݅݊݃ܽܯ  = ଵ
మ(√మ+ଵ)ቀ√ସమ+ଵቁ 

 𝑃ℎܽ݁ݏ ݈ܽ݊݃݁ 𝜑 = −ͳͺͲ − ଵ𝜔−݊ܽݐ −  ଵʹ𝜔−݊ܽݐ

 Step: 3 (3 Marks) 

Calculate magnitude and phase equation: 𝜔 0 0.2 0.4 0.5 0.6 0.7 0.8 1 0.3 0.6 1 1.5 2.5 4.5 22.76 ∞ ܯ 𝜑 -180 -213 -240 -251 -261 -269 -277 -288 

 Step: 4 (3 Marks) 

Draw the polar plot: 

 Step: 5 (4 Marks) 

Find gain margin, phase margin: 

Gain cross over frequency: 𝜑𝑔 = −ʹͻ 

Phase cross over frequency:|𝐺ሺ݆𝜔ሻ| = ∞ 

Gain Margin: 𝐾𝑔 = ଵ|𝐺ሺ𝑗𝜔𝑐ሻ| = ଵ∞ = Ͳ 

Phase Margin: ߛ = ͳͺͲ − ʹͻ = −ͺͻ 

6. The open loop transfer function of a unity feedback system is given by G(s) =
𝐬ሺ+𝐬ሻሺ+𝐬ሻ.   

Sketch the polar plot and determine the gain and phase margin. (Nov/Dec-14) 

 Given: (2 Marks) 

 𝐺ሺܵሻ =  ଵୱሺଵ+ୱሻሺଵ+ଶୱሻ 
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Sub S=j    𝐺ሺ݆𝜔ሻ =  ଵ𝑗𝜔ሺଵ+𝑗𝜔ሻሺଵ+ଶ𝑗𝜔ሻ 
 Step: 2 (3 Marks) 

Write magnitude and phase equation: 

ܯ ݁݀ݑݐ݅݊݃ܽܯ  = ଵ𝜔(√𝜔మ+ଵ)(√ସ𝜔మ+ଵ) 
 𝑃ℎܽ݁ݏ ݈ܽ݊݃݁ 𝜑 = −ͻͲ − ଵ𝜔−݊ܽݐ −  ଵʹ𝜔−݊ܽݐ

 Step: 3 (3 Marks) 

Calculate magnitude and phase equation: 𝜔 0 0.2 0.4 0.5 0.6 0.7 0.8 1 5 0.003 0.3 0.5 0.7 0.9 1.2 1.8 4.55 ∞ ܯ 𝜑 -90 -123 -150 -162 -171 -180 -187 -198 -253 
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 Step: 4 (3 Marks) 

Draw the polar plot: 

 Step: 5 (4 Marks) 

Find gain margin, phase margin: 

Gain cross over frequency: 𝜑𝑔 = −ͳͷ 

Phase cross over frequency:|𝐺ሺ݆𝜔ሻ| = Ͳ. 

Gain Margin: 𝐾𝑔 = ଵ|𝐺ሺ𝑗𝜔𝑐ሻ| = ଵ. = ͳ.Ͷ͵ 

Phase Margin: ߛ = ͳͺͲ − ͳͷ = −ͳͷ 

7. Plot the polar plot for the following transfer function 𝑮ሺ𝑺ሻ =  ሺ+𝑺ሻሺ𝑺+ሻሺ𝑺+ሻ  (Apr/May-17) 

 Given: (2 Marks) 

 𝐺ሺܵሻ =  ଵହሺଵ+ௌሻሺௌ+ଷሻሺௌ+ሻ 
 Solution: (14 Marks) 

 Step: 1 (1 Mark) 

Sub S=j   

  𝐺ሺ݆𝜔ሻ =  ଵହሺଵ+𝑗𝜔ሻሺ𝑗𝜔+ଷሻሺ𝑗𝜔+ሻ 
 Step: 2 (3 Marks) 

Write magnitude and phase equation: 

ܯ ݁݀ݑݐ݅݊݃ܽܯ  = ଵହ(√𝜔మ+ଵ)(√𝜔మ+ଽ)(√𝜔మ+ଷ) 
 𝑃ℎܽ݁ݏ ݈ܽ݊݃݁ 𝜑 = ଵ𝜔−݊ܽݐ− − ଵ−݊ܽݐ 𝜔ଷ − ଵ−݊ܽݐ 𝜔  

 Step: 3 (3 Marks) 

Calculate magnitude and phase equation: 𝜔 0 0.5 1 2 3 5 6 8 0.021 0.043 0.064 0.166 0.294 0.551 0.732 0.833 ܯ 𝜑 0 -40.79 -72.89 -115.50 -143.13 -177.50 -188.90 -205.40 

 

 Step: 4 (3 Marks) 

Draw the polar plot: 

 Step: 5 (4 Marks) 

Find gain margin, phase margin: 

   Gain cross over frequency: 𝜑𝑔 = ∞ 

Phase cross over frequency:|𝐺ሺ݆𝜔ሻ| = ͷ.ͷ 

Gain Margin: 𝐾𝑔 = ଵ|𝐺ሺ𝑗𝜔𝑐ሻ| = ଵହ.ହ = Ͳ.ͳͺ 

Phase Margin: ߛ = ͳͺͲ − 𝜑𝑔 = ∞ 
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8. For the unity feedback system with closed loop transfer function G(S) / (1+G(S)). Derive the 

equations for the locus of constant M and N circles. (May/Jun-12, Nov/Dec-14) 

 Constant M circles: (8 Marks) 

The magnitude of closed loop transfer function with unit feedback can be shown for 

every value of M. These circles are called M circles. 

ሺܵሻܯ  = 𝐺ሺௌሻଵ+𝐺ሺௌሻ 
Put s=j, ܯሺjሻ = 𝐺ሺ୨ሻଵ+𝐺ሺ୨ሻ 
Let, G(j)=X + jY 

ሺjሻܯ  = ଡ଼ + ୨ଢ଼ଵ+ଡ଼ + ୨ଢ଼ = √మ+మ√ሺଵ+ሻమ+మ ∠ ቀtan−ଵ  + tan−ଵ ଵ+ቁ 

Let M=Magnitude of M (j) 

ܯ  = √మ+మ√ሺଵ+ሻమ+మ 

Squaring on both sides, ܯ = మ+మሺଵ+ሻమ+మ ܺଶሺܯଶ − ͳሻ + ܺʹଶܯ + ଶܯ + ܻଶሺܯଶ − ͳሻ = Ͳ 

Divide by ሺܯଶ − ͳሻ, ܺଶ + ଶܯ ʹܺሺܯʹ − ͳሻ + ʹܯଶሺܯ − ͳሻ + ܻଶ = Ͳ 

  Add 
ெమሺெమ−ଵሻమ on both sides 

ܺଶ + ଶܯ ʹܺሺܯʹ − ͳሻ + ʹܯଶሺܯ − ͳሻ + ܻଶ + ଶܯଶሺܯ − ͳሻଶ = ଶܯଶሺܯ − ͳሻଶ 

[ܺ + ଶܯଶܯ − ͳ]ଶ + ܻଶ = ଶܯଶሺܯ − ͳሻଶ 

The equation of circle with centre at (ܺଵ, ଵܻሻ and radius r is given by, 

  ሺܺ − ଵܺሻଶ + ሺܻ − ଵܻሻଶ =  ଶݎ

When M=0 ܺଵ = Ͳ ଵܻ = Ͳ ݎ = Ͳ 

 

When M=∞ ଵܺ = −ͳ ଵܻ = Ͳ ݎ = Ͳ 
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 Constant N circles: (8 Marks) 

If the phase of closed loop transfer function with unity feedback is , then it can be 

shown that tan  will be in the form of circle for every value of . These circles are called N 

circles. 

ሺܵሻܯ  = 𝐺ሺௌሻଵ+𝐺ሺௌሻ 
Put s=j, ܯሺjሻ = 𝐺ሺ୨ሻଵ+𝐺ሺ୨ሻ 
Let, G(j)=X + jY 

ሺjሻܯ  = ଡ଼ + ୨ଢ଼ଵ+ଡ଼ + ୨ଢ଼ = √మ+మ√ሺଵ+ሻమ+మ ∠ ቀtan−ଵ  + tan−ଵ ଵ+ቁ 

Let =phase of M (j)  =tan−ଵ  + tan−ଵ ଵ+ 

Let N= tan  ܰ = tan ቀtan−ଵ  + tan−ଵ ଵ+ቁ 

 ܰ = ୲anቀ୲an−భೊቁ−୲anቀ୲an−భ ೊభ+ቁଵ+୲anቀ୲an−భೊቁ ୲anቀ୲an−భ ೊభ+ቁ 

 ܰ = +మ+మ 

On rearranging above equation 

 ܺ + ܺଶ + ܻଶ − ே = Ͳ 

 Add 
ଵସ + ቀ ଵଶேቁଶ

 on both sides 

 ܺ + ܺଶ + ܻଶ − ே + ଵସ + ቀ ଵଶேቁଶ = ଵସ + ቀ ଵଶேቁଶ
 

[ܺ + ͳʹ]ଶ + (ܻ − ͳʹܰ )ଶ = ͳͶ + ( ͳʹܰ )ଶ
 

The equation of circle with centre at (ܺଵ, ଵܻሻ and radius r is given by, 

  ሺܺ − ଵܺሻଶ + ሺܻ − ଵܻሻଶ =  ଶݎ

When X=0, Y=0 ͳͶ + ( ͳʹܰ )ଶ = ͳͶ + ( ͳʹܰ )ଶ
 

 

 

When X=-1, Y=0 ͳͶ + ( ͳʹܰ )ଶ = ͳͶ + ( ͳʹܰ )ଶ
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9. Write down the procedure for designing lead compensator using bode plot. (May/Jun-16, 

May/Jun-13) 

 Determine K from the error constants given 

 Sketch the bode plot 

 Determine phase margin  

 Find the amount of phase angle to be contributed by lead network is, 

 𝜑 = ௗߛ − ߛ  + 𝜖  
Where,  ߛௗ is the required phase margin 

    𝜖 is 5 initially.  

If the angle is greater than 60 then we have to design the compensator as 2 cascade 

compensator with lead angle as 
𝜑ଶ  

 calculate ߙ = ଵ−ୱ୧n 𝜑ଵ+ୱ୧n 𝜑  from bode plot find 𝜔 such that it is the frequency 

corresponding to the gain  −ʹͲ log ଵ√ఈ 

 calculate ܶ = ଵ𝜔√ఈ a lead compensator has the form 
ௌ+భ𝑇ௌ+ భ𝛼𝑇 

 Find the complete transfer function with the lead compensator added in series to the 

original system 

 plot the new Bode plot and determine phase margin and observe that it is the required 

phase margin if not satisfactory repeat steps from step 4 by changing value of 𝜖 by 5 

10. Discuss in detail about lag, lead and lead-lag compensators with examples. (Apr/May-17) 

Lead Compensator: 

 Step 1: Determine K from the error constants given 

 Step 2: Sketch the bode plot 

 Step 3: Determine phase margin  
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 Step 4: Find the amount of phase angle to be contributed by lead network is, 

 𝜑 = ௗߛ − ߛ  + 𝜖  
Where,  ߛௗ is the required phase margin 

    𝜖 is 5 initially.  

If the angle is greater than 60 then we have to design the compensator as 2 

cascade compensator with lead angle as 
𝜑ଶ  

 Step 5: Calculate ߙ = ଵ−ୱ୧n 𝜑ଵ+ୱ୧n 𝜑  from bode plot find 𝜔 such that it is the frequency 

corresponding to the gain  −ʹͲ log ଵ√ఈ 

 Step 6: Calculate ܶ = ଵ𝜔√ఈ a lead compensator has the form 
ௌ+భ𝑇ௌ+ భ𝛼𝑇 

 Step 7: Find the complete transfer function with the lead compensator added in series 

to the original system 

 Step 8: Plot the new Bode plot and determine phase margin and observe that it is the 

required phase margin if not satisfactory repeat steps from step 4 by changing value 

of 𝜖 by 5 

Lag Compensator: 

 Step 1: Determine K from the error constants given 

 Step 2: Sketch the bode plot 

 Step 3: Determine phase margin  

 Step 4: Find the amount of phase angle to be contributed by lead network is, 

ߛ  = ௗߛ  + 𝜖  
Where,  ߛௗ is the required phase margin 

    𝜖 is 5 initially.  

 Step 5: Find new gain cross over frequency 𝜔𝑔 corresponding to phase margin ߛ on 

the bode plot of uncompensated system. 

ߛ  = ͳͺͲ + 𝜑𝑔  
 Step 6: Find ߚ of the compensator.  𝐴𝑔 = ʹͲ log ߚ ߚ = ͳͲ𝐴𝑔𝑐/ଶ 

 Step 7: Find transfer function: 𝑧݁ݏݎ 𝑧 = ଵ் = 𝜔𝑔𝑐ଵ , 𝑃  ݏ݈݁ = ଵఉ் 

Transfer function 𝐺ሺݏሻ = ߚ [ ଵ+𝑠்ଵ+ఉ𝑠்] 

 Step 8: Find transfer function 𝐺ሺݏሻ = ߚ [ ଵ+𝑠்ଵ+ఉ𝑠்] 𝐺ሺݏሻ 

 Step 9: Determine actual phase margin ߛ = ͳͺͲ + 𝜑𝑔.  
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If actual phase margin satisfies the given specification, then the design is accepted. 

Otherwise repeat the procedure from 4 to 9 by increasing 𝜖 as 5 more than previous 

design. 

Lead-Lag Compensators: 

 Step 1: Determine K from the error constants given 

 Step 2: Sketch the bode plot 

 Step 3: Determine phase margin  = ͳͺͲͲ + 𝜑݃ܿ݊  
 Step 4: Choose new phase margin as  ߛ = ௗߛ  + 𝜖  

Where,  ߛௗ is the required phase margin 

    𝜖 is 5 initially.  

 Step 5: Find new gain cross over frequency 𝜔𝑔 corresponding to phase margin ߛ on 

the bode plot of uncompensated system. ߛ = ͳͺͲ + 𝜑𝑔 

 Step 6: Find ߚ of the lag compensator.  𝐴𝑔 = ʹͲ log ߚ ߚ = ͳͲ𝐴𝑔𝑐/ଶ 

 Step 7: Find transfer function of lag section: 𝑧݁ݏݎ 𝑧 = ଵ்భ = 𝜔𝑔𝑐ଵ , 𝑃  ݏ݈݁ = ଵఉ భ் 

Transfer function of lag compensator 𝐺ଵሺݏሻ = ߚ [ ଵ+𝑠 భ்ଵ+ఉ𝑠 భ்] 

 Step 8: Find transfer function of lead section, take ߙ = ଵఉ 

 Step 9: Find transfer function of lead compensator 𝐺ଶሺݏሻ = ߙ [ ଵ+𝑠 మ்ଵ+ఈ𝑠 మ்] 

 Step 10: Find transfer function of lag-lead compensator 𝐺ሺݏሻ = 𝐺ଵሺݏሻ X 𝐺ଶሺݏሻ 𝐺ሺݏሻ = ሺͳ + ݏ ଵܶሻሺͳ + ݏ ଶܶሻሺͳ + ݏߚ ଵܶሻሺͳ + ݏߙ ଶܶሻ 

 Step 11: Find open loop transfer function 𝐺ሺݏሻ = 𝐺ሺݏሻ X 𝐺ሺݏሻ 

 Step 12: Determine actual phase margin ߛ = ͳͺͲ + 𝜑𝑔.  

Plot the new Bode plot and verify specification is satisfied or not. If not satisfied, then 

choose another choice of ߙ, such that ߙ < ଵఉ and repeat steps from step 9 to 12. 
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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE, PERAMBALUR - 621212 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

EC6405 - CONTROL SYSTEM ENGINEERING 

QUESTION BANK 

UNIT - IV STABILITY ANALYSIS 

PART -A 

1. Define stability and what is the necessary condition for stability? (May/Jun-11, Nov/Dec-11) 

A linear relaxed system is said to have BIBIO stability if every bounded input results in a 

bounded output. 

The necessary condition for stability is that all the coefficients of the characteristic polynomial 

be positive. The necessary and sufficient condition for stability is that all of the elements in the first 

column of the routh array should be positive. 

2. State Nyquist stability criterion. (Apr/May-17, May/Jun-16, Nov/Dec-15, Nov/Dec-13, 

May/Jun-13, May/Jun-12, Nov/Dec-12, May/Jun-10) 

If the Nyquist plot of the open loop transfer function G(s) corresponding to the Nyquist control 

in the S-plane encircles the critical point –1+j0 in the counter clockwise direction as many times as the 

number of right half S-plane poles of G(s), the closed loop system is stable. 

3. What is Routh stability criterion? (Apr/May-17, May/Jun-13) 

Routh criterion states that the necessary and sufficient condition for stability is that all of the 

elements in the first column of the routh array is 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 

corresponds to the number of roots of characteristic equation in the right half of the S-plane. 

4. Define Relative stability. (May/Jun-14) 

Relative stability is the degree of closeness of the system, it is an indication of strength or 

degree of stability. 

5. What are root loci? (May/Jun-12) 

The path taken by the roots of the open loop transfer function when the loop gain is varied 

from 0 to 1 are called root loci. 

6. What is a dominant pole? (Nov/Dec-16, Nov/Dec-15, Nov/Dec-14) 

The dominant pole is a complex conjugate pair which decides the transient response of the 

system. 

7. What is limitedly stable system? 

For a bounded input signal if the output has constant amplitude oscillations, then the system 

may be stable or unstable under some limited constraints such a system is called limitedly stable 

system. 
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8. What are asymptotes? How will you find angle of asymptotes? 

Asymptotes are the straight lines which are parallel to root locus going to infinity and meet the 

root locus at infinity. 

Angles of asymptotes = ±180°(2q + 1)/(n-mȌ q= Ͳ,ͳ,ʹ, …….ȋn-m)  

n-number of poles, m-number of zeros. 

9. What is centroid? 

The meeting point of the asymptotes with the real axis is called centroid. The centroid is given 

by Centroid = (sum of poles – sum of zeros) / (n-m) 

 n-number of poles. m-number of zeros. 

10. What is angle criterion? 

The angle criterion states that s=sa will be the point on the root locus if for that value of S the 

argument or phase of G(S)H(S) is equal to an odd multiple of 180°. 

(Sum of the angles of vectors from zeros to the point s=sa)- (Sum of the angles of vectors from poles to 

the point s=sa) = ±180°(2q + 1) 

PART – B (Answer as Hint) 

1. Construct Routh array and determine the stability of the system whose characteristics 

equation is S6+2S5+8S4+12S3+20S2+16S+16 = 0. (May/Jun-16, May/Jun-13, May/Jun-12, 

Nov/Dec-14) 

 Given: (2 Marks) 

S6+2S5+8S4+12S3+20S2+16S+16 = 0 

 Solution:  (14 Marks) 

 Draw routh array: (8 Marks) 

 

 

ܣ  = ܵସ + ܵଶ + ͺ 𝑑ܣ𝑑ܵ = ͵ܵଷ + ͳʹܵ 

 

         Column 1 

 Find roots: (4 Marks) 

 ܵସ + ܵଶ + ͺ = Ͳ 

 Let, ܵଶ = 𝑥 𝑥ଶ + 𝑥 + ͺ = Ͳ 

              𝑥 = 𝑟 ʹ− − Ͷ 

ܵ 1 8 20 16 ܵହ 
2 

1 

12 

6 

16 

8 
 ܵସ 1 6 8  ܵଷ 

0 

3 

1 

0 

12 

4 

  ܵଶ 3 8   ܵଵ 0.33    ܵ 8    
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               ܵ = ±√𝑥 

               ܵ = 𝑟 ʹ−√± ± √−Ͷ 

               ܵ = +𝑗√ʹ , −𝑗√ʹ, +𝑗ʹ, −𝑗ʹ 

  Totally 6 roots. 

 Result: (2 Marks) 

o System is marginally stable. 

o 4 roots are lying on imaginary axis, remaining 2 roots are lying on left half of 

S-plane because no sign changes in column 1. 

2. By using Routh criterion determine the stability of the system represented by the 

following characteristics equation S5 + S4 + 2S3 + 2S2 + 11S + 10 (May/Jun-14) 

 Given: (2 Marks) 

S5 + S4 + 2S3 + 2S2 + 11S + 10 = 0. 

 Solution:  (14 Marks) 

 Draw routh array: (6 Marks) 

 

 

 

 

 

          

 On letting 𝝐 → , 𝒘𝒆 𝒈𝒆𝒕: (5 Marks) 

 

 

 

 

 

         Column 1 

 Find roots: (1 Marks) 

  Totally 5 roots. 

 Result: (2 Marks) 

o System is unstable. 

o 2 roots are lying on right half of s-plane because 2 sign changes in column 1 

and remaining 3 roots are lying on left half of S-plane. 

ܵହ 1 2 11 ܵସ 1 2 10 ܵଷ 
0 

 𝜖 
1  ܵଶ 

ʹ𝜖 − ͳ𝜖  10  ܵଵ 
−ሺͳͲ𝜖ଶ − ʹ𝜖 + ͳሻʹ𝜖 − ͳ    ܵ 10   

ܵହ 1 2 11 ܵସ 1 2 10 ܵଷ 0 1  ܵଶ −∞ 10  ܵଵ 1   ܵ 10   
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3. Using Routh criterion, determine the stability of the system represented by the 

characteristic equation S5 + S4 + 2S3 + 2S2 + 3S + 5 = 0. Comment on the location of the roots 

of characteristics equation. (Nov/Dec-16, Nov/Dec-15) 

 Given: (2 Marks) 

S5 + S4 + 2S3 + 2S2 + 3S + 5 = 0. 

 Solution:  (14 Marks) 

 Draw routh array: (6 Marks) 

 

 

 

 

 

          

 On letting 𝝐 → , 𝒘𝒆 𝒈𝒆𝒕: (5 Marks) 

 

 

 

 

 

         Column 1 

 Find roots: (1 Marks) 

  Totally 5 roots. 

 

 Result: (2 Marks) 

o System is unstable. 

o 2 roots are lying on right half of s-plane because 2 sign changes in column 1 

and remaining 3 roots are lying on left half of S-plane. 

4. Draw the Nyquist plot and find the stability of the following open loop transfer function of 

unity feedback control system۵ሺ𝐒ሻ۶ሺ𝐒ሻ = 𝐊ሺ𝐒 + ሻ 𝐒ሺ𝐒 + ሻ⁄ . If the system is conditionally 

stable, find the range of K for which the system is stable. (May/Jun-15) 

 Given: (2 Marks) GሺSሻHሺSሻ = KሺS + ͳሻ SଶሺS + ͳͲሻ⁄  

 

ܵହ 1 2 3 ܵସ 1 2 5 ܵଷ 
0 

 𝜖 
-2  ܵଶ 

ʹ𝜖 − ʹ𝜖  5  ܵଵ 
−ሺͷ𝜖ଶ + Ͷ𝜖 + Ͷሻʹ𝜖 + ʹ    ܵ 5   

ܵହ 1 2 3 ܵସ 1 2 5 ܵଷ 0 -2  ܵଶ ∞ 5  ܵଵ -2   ܵ 5   
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 Solution:  (14 Marks) 

 Find characteristics equation: (4 Marks) ܩGሺSሻHሺSሻ = KሺS + ͳሻ SଶሺS + ͳͲሻ⁄  

Characteristics equation:   ͳ + ሺܵሻܪሺܵሻܩ = Ͳ ܵଷ + ͳͲܵଶ + 𝐾ܵ + 𝐾 = Ͳ 

 Draw routh array: (6 Marks) ܵଷ 1 K  ܵଶ 10 K  ܵଵ 
ͻ𝐾ͳͲ    ܵ K   

 Find K: (4 Marks) 𝐾 > Ͳ ͻ𝐾ͳͲ > Ͳ ͻ𝐾 > ͳͲ 

       𝐾 > ଵଽ ,          𝐾 < ଽଵ 

 Range of K =Ͳ < 𝐾 < ଽଵ    

5. Determine the range of K for stability of unity feedback system using Routh stability 

criterion whose transfer function is 
𝑪ሺࡿሻࡾሺࡿሻ = 𝑲ࡿ(ࡿ+ࡿ+)ሺࡿ+ሻ+𝑲  (Apr/May-17) 

 Given: (2 Marks) ܥሺܵሻܴሺܵሻ = 𝐾ܵሺܵଶ + ܵ + ͳሻሺܵ + ʹሻ + 𝐾 

 Solution:  (14 Marks) 

 Find characteristics equation: (4 Marks) ܩሺܵሻܪሺܵሻ = 𝐾ܵሺܵଶ + ܵ + ͳሻሺܵ + ʹሻ 

Characteristics equation:   ͳ + ሺܵሻܪሺܵሻܩ = Ͳ ܵସ + ͵ܵଷ + ͵ܵଶ + ʹܵ + 𝐾 = Ͳ 

 Draw routh array: (6 Marks) ܵସ 1 3 K ܵଷ 3 2  ܵଶ 2.33 K  ܵଵ 
Ͷ. − ͵𝐾ʹ.͵͵  0  ܵ K   
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 Find K: (4 Marks) Ͷ. − ͵𝐾ʹ.͵͵ > Ͳ Ͷ. − ͵𝐾 > Ͳ 

       Ͷ. > ͵𝐾 

            𝐾 < ͳ.ͷͷ3 

 Range of K =Ͳ < 𝐾 < ͳ.ͷͷ͵    

6. Sketch the root locus for the open loop transfer function of unity feedback control system 

given below. G(s)=k/[s(s2+4s+13) (May/Jun-16, Nov/Dec-14)     

 Step 1: (2 Mark) 

   Find poles and zeros and Locate poles and zeros. 

    Number of poles n=3, Number of zeros m=0 

ଵ     = Ͳ, ଶ = −ʹ + 𝑗͵, ଷ = −ʹ − 𝑗͵ 

 P2 3 

 2  

  P1 1 

 -        

 -1 

 -2 

 P3 -3 

 Step 2: (2 Mark) 

   Find root locus on real axis. 

 

 

 

  

   

 

 

 Step 3: (2 Marks) 

   Find angle of asymptotes and centroid. 

    n-m = 3-0=3 

 Angles of asymptotes =± ଵ଼ሺଶ𝑞+ଵሻ−  q= 0,1,2  

   if q=0, angle=60 

  if q=1, angle=180 

  if q=2, angle=300 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 
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 Centroid = (sum of poles – sum of zeros) / (n-m) 

    = [(0-2+j3-2-j3)-0]/3 = -1.33 

 Step 4: (2 Marks) 

Find break away: 

    Let characteristics equation ͳ + ሺܵሻܪሺܵሻܩ = Ͳ ͳ + 𝐾ܵሺܵଶ + Ͷܵ + ͳ͵ሻ = Ͳ 

      𝐾 = −ሺܵଷ + Ͷܵଶ + ͳ͵ܵ) 

      
𝑑𝐾𝑑𝑆 = −ሺ͵ܵଶ + ͺܵ + ͳ͵ 

        ܵ = −ͳ.͵͵ ± jͳ.   

    Select break away point between 0 and ∞. 

If ܵ = −ͳ.͵͵ ± jͳ., then the value is not equal to zero. So no break away point.  

 Step 5: (2 Marks) 

   Find angle of departure. 

    

 

  

 

 

 

 

   

    𝜃ଵ = ͳʹ͵., 𝜃ଶ = ͻͲ   

    Angle of departure at pole P2 = ͳͺͲ − ሺ𝜃ଵ + 𝜃ଶሻ = −͵͵. 

    Angle of departure at pole P3 = ͵͵. 

 Step 6: (2 Marks) 

   Find crossing point on imaginary axis. 

   The characteristics equation is  

      ܵଷ + Ͷܵଶ + ͳ͵ܵ + 𝐾 = Ͳ 

      Solve it and, K = ͷʹ, 𝜔 = ±͵. 

 Step 7: (4 Marks) 

   Draw the root locus on graph. 

7. Draw the root locus plot for the system whose open loop transfer function is given by ۵ሺ𝐒ሻ۶ሺ𝐒ሻ = 𝐊 𝐒ሺ𝐒 + ሻሺ𝐒 + 𝐒 + ሻ⁄ .find the marginal value of k which causes sustained 

oscillations and the frequency of oscillations. (May/Jun-14) 

 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 
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 Step 1: (2 Mark) 

   Find poles and zeros and Locate poles and zeros. 

    Number of poles n=4, Number of zeros m=0 

ଵ     = Ͳ, ଶ = −Ͷ, ଷ = −ʹ + 𝑗͵, ସ = −ʹ − 𝑗͵ 

 P3 3 

 2 

 P2 P1 1 

 -        

 -1 

 -2 

 P4 -3 

 Step 2: (2 Mark) 

   Find root locus on real axis. 

 

 

 

  

    

 

 

 Step 3: (2 Marks) 

   Find angle of asymptotes and centroid. 

    n-m = 4-0=4 

 Angles of asymptotes =± ଵ଼ሺଶ𝑞+ଵሻ−  q= 0,1,2,3  

   if q=0, angle=45 

  if q=1, angle=135 

  if q=2, angle=225 

  if q=3, angle=315 

   Centroid = (sum of poles – sum of zeros) / (n-m)= [(0-4-2+j3-2-j3)-0]/4 = -2 

 Step 4: (2 Marks) 

Find break away: 

    Let characteristics equation ͳ + ሺܵሻܪሺܵሻܩ = Ͳ ͳ + 𝐾ܵሺܵ + Ͷሻሺܵଶ + Ͷܵ + ͳ͵ሻ = Ͳ 

      𝐾 = −ሺܵସ + ͺܵଷ + ʹͻܵଶ + ͷʹܵ) 

      
𝑑𝐾𝑑𝑆 = −ሺͶܵଷ + ʹͶܵଶ + ͷͺܵ + ͷʹ 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 
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    Select break away point between 0 and -4. 

 If S=-2, then the value is zero. So break away point is -2.  

 And complex break away points are −ʹ + jͳ.ͷͺ, −ʹ − jͳ.ͷͺ 

 Step 5: (2 Marks) 

   Find angle of departure. 

    

 

  

 

 

 

 

    𝜃ଵ = ͳʹͶ, 𝜃ଶ = ͷͲ, 𝜃ସ = ͻͲ   

    Angle of departure at pole P4 = ͳͺͲ − ሺ𝜃ଵ + 𝜃ଶ + 𝜃ସሻ = −ͺͶ 

    Angle of departure at pole P3 = ͺͶ 

 Step 6: (2 Marks) 

   Find crossing point on imaginary axis. 

   The characteristics equation is  

     ܵସ + ͺܵଷ + ʹͻܵଶ + ͷʹܵ + 𝐾 = Ͳ 

      Solve it and, K = ͳͶ.ʹͷ, 𝜔 = ±ʹ.ͷͷ 

 Step 7: (4 Marks) 

   Draw the root locus on graph. 

8. The open loop transfer function of unity feedback system is given by 𝑮ሺࡿሻ =  𝑲ሺ𝟗+ࡿሻࡿሺࡿ+ࡿ+ሻ . 

Sketch the root locus of the system. (Nov/Dec-15) 

 Step 1: (2 Mark) 

   Find poles and zeros and Locate poles and zeros. 

    Number of poles n=3, Number of zeros m=1 

ଵ       = Ͳ, ଶ = −ʹ + 𝑗ʹ.Ͷ, ଷ = −ʹ − 𝑗ʹ.Ͷ, 𝑧ଵ = −ͻ 

  P1 3 

 2 

   1  

   -9 -        

 -1  

 -2 

 P2 -3 

 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 



 

UNIT - IV STABILITY ANALYSIS                                                  DSEC/ECE/QB 

 

EC6405 - Control System Engineering   Page 10 

 

 Step 2: (2 Mark) 

   Find root locus on real axis. 

 

 

 

-9  

   

 

 

 Step 3: (2 Marks) 

   Find angle of asymptotes and centroid. 

    n-m = 3-1=2 

 Angles of asymptotes =± ଵ଼ሺଶ𝑞+ଵሻ−  q= 0,1,2  

   if q=0, angle=90 

  if q=1, angle=180 

  if q=2, angle=450 

 Centroid = (sum of poles – sum of zeros) / (n-m) 

    = [(0-2+j2.64-2-j2.64)-(-9)]/2 = 2.5 

 Step 4: (2 Marks) 

Find break away: 

 There is no possibility of break away point or break in point because root locus 

located between poles and zeros.  

 Step 5: (2 Marks) 

   Find angle of departure. 

    

  

   

                            

   -9 

 

 

 

   

    𝜃ଵ = ͳʹ.ͳ, 𝜃ଶ = ͻͲ, 𝜃ଷ = ʹͲ.   

    Angle of departure at pole P2 = ͳͺͲ − ሺ𝜃ଵ + 𝜃ଶሻ + 𝜃ଷ = −ͳ.Ͷ 

    Angle of departure at pole P3 = ͳ.Ͷ 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 
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 Step 6: (2 Marks) 

   Find crossing point on imaginary axis. 

   The characteristics equation is  

      ሺܵଷ + Ͷܵଶ + ͳͳܵሻ + 𝐾ܵ + ͻ𝐾 = Ͳ 

      Solve it and, K = ͺ.ͺ, 𝜔 = ±Ͷ.Ͷ 

 Step 7: (4 Marks) 

   Draw the root locus on graph. 

9. With neat steps write down the procedure for construction of root locus. Each rule gives an 

example. (Nov/Dec-16, Apr/May-17) 

 Step 1: (2 Mark) 

Find poles and zeros and Locate poles and zeros. 

 Step 2: (2 Mark) 

Find root locus on real axis. 

 Step 3: (2 Marks) 

Find angle of asymptotes and centroid. 

 Angles of asymptotes = ±180°(2q + 1)/(n-mȌ q= Ͳ,ͳ,ʹ, …….ȋn-m)  

 Centroid = (sum of poles – sum of zeros) / (n-m) 

 Step 4: (2 Marks) 

Find break away and break in point. 

 Let characteristics equation B(S)+KA(S)=0 𝐾 = ሺܵሻ 𝑑𝐾𝑑ܵܣ/ሺܵሻܤ− = Ͳ 

 Step 5: (2 Marks) 

Find angle of departure and angle of arrival. 

For example: 

 If poles are complex, then Angle of departure at pole P1 = ͳͺͲ − ሺ𝜃ଵ + 𝜃ଷሻ + ሺ𝜃ଶ + 𝜃ସሻ 

 If zeros are complex, then Angle of arrival at pole P1 = ͳͺͲ − ሺ𝜃ଵ + 𝜃ଷሻ + ሺ𝜃ଶ + 𝜃ସሻ 

 Step 6: (2 Marks) 

Find crossing point on imaginary axis. 

 Step 7: (4 Marks) 

Draw the root locus on graph. 
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10. Draw the root locus diagram for a system open loop transfer function and then determine 

the value of K such that the damping ratio of the dominant closed loop poles is 0.4. Open 

loop transfer function = 
ࡿሺࡿ+ሻሺࡿ+ሻ+𝑲ࡿ.  (Apr/May-17) 

 Given: (1 Marks) ܩሺܵሻ =  ʹͲܵሺܵ + ͳሻሺܵ + Ͷሻ + ʹͲ𝐾ܵ 𝜁 = Ͳ.Ͷ 

 Step 1: (2 Mark) 

   Find poles and zeros and Locate poles and zeros. 

    Number of poles n=3, Number of zeros m=0 

ଵ     = Ͳ, ଶ = −ͳ, ଷ = −Ͷ 

   

  

   p3                   p2p1  

 -         

  

  

  

 Step 2: (2 Mark) 

   Find root locus on real axis. 

 

 

 

  

   

 

 

 Step 3: (2 Marks) 

   Find angle of asymptotes and centroid. 

    n-m = 3-0=3 

 Angles of asymptotes =± ଵ଼ሺଶ𝑞+ଵሻ−  q= 0,1,2 

   if q=0, angle=60 

  if q=1, angle=180 

  if q=2, angle=300 

 Centroid = (sum of poles – sum of zeros) / (n-m) 

    = [(0-2-4)-0]/3 = -2 

 

3 

 

2 

 

1 

 

 

-1 

 

-2 

 

-3 

-4      -3     -2      -1            1       2       3 

3 

 

2 

 

1 

 

 

-1 

 

-2 
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 Step 4: (2 Marks) 

Find break away: 

    Let characteristics equation ͳ + ሺܵሻܪሺܵሻܩ = Ͳ ͳ + ʹͲܵሺܵ + ͳሻሺܵ + Ͷሻ + ʹͲ𝐾ܵ = Ͳ 

        ܵ = −ʹ.ʹͳ, ͳ.ͺͳ   

    Select break away point between 0 and -1, -4 and ∞. No break away point.  

 Step 5: (1 Marks) 

   Find angle of departure. 

    There is no complex pole or zeros. So no angle of departure or angle of arrival. 

 Step 6: (2 Marks) 

   Find crossing point on imaginary axis. 

   The characteristics equation is  

      ܵሺܵ + ͳሻሺܵ + Ͷሻ + ʹͲ𝐾ܵ + ʹͲ = Ͳ 

      Solve it and, K = Ͳ, 𝜔 = ±ʹ 

 Step 7: (4 Marks) 

   Draw the root locus on graph. 
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DHANALAKSHMI SRINIVASAN ENGINEERING COLLEGE, PERAMBALUR - 621212 

DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING 

EC6405 - CONTROL SYSTEM ENGINEERING 

QUESTION BANK 

UNIT - V STATE VARIABLE ANALYSIS 

PART - A 

1. State sampling theorem. (Apr/May-17, Nov/Dec – 16, May/Jun – 15, Nov/Dec - 10) 

A continuous time signal can be completely represented in its samples and recovered back if the sampling frequency Fs≥2Fmax where Fs is the sampling frequency and Fmax is the maximum 
frequency present in the signal. 

2. What are hold circuits & explain it. (May/Jun – 15) 

The function of the hold circuit is to reconstruct the signal which is applied as input to the 

sampler. The simplest holding device holds the signal between two consecutive instants at its 

preceded value till next sampling instant is reached. 

3. What are the advantages of state space analysis? 

It can be applied to non-linear as well as time varying systems. Any type of input can be 

considered for designing the system. It can be conveniently applied to multiple input multiple output 

systems. The state variables selected need not necessarily be the physical quantities of the system. 

4. Define state variable. (May/Jun-16, May/Jun-13, Nov/Dec – 15, Nov/Dec-12) 

The state of a dynamical system is a minimal set of .variables (known as state variables) such 

that the knowledge of these variables at t-t0 together with the knowledge of the inputs for t > t0 , 

completely determines the behavior of the system for t > t0. 

5. What is Controllability? (May/Jun – 15, Nov/Dec – 13) 

A system is said to be completely state controllable if it is possible to transfer the system state 

from any initial state X(t0) at any other desired state X(t), in specified finite time by a control vector 

U(t). 

6. What is Observability? (May/Jun – 15) 

A system is said to be completely observable if every state X(t) can be completely identified by 

measurements of the output Y(t) over a finite time interval. 

7. Write the properties of state transition matrix. (Nov/Dec-16, Nov/Dec -15, May/Jun-14, 

May/Jun-10) 

The following are the properties of state transition matrix 

  (0) = eAx0 = I (unit matrix). 

  (t) = eAt = (e-At)-1 = [Φȋ-t)]-1. 

  (t1+t2) = eA(t1+t2) = Φȋt1Ȍ Φȋt2Ȍ = Φȋt2Ȍ Φȋt1). 
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8. What is sampled data control system? (Apr/May-17, Nov/Dec – 12) 

When the signal or information at any or some points in a system is in the form of discrete 

pulses, then the system is called discrete data system or sampled data system. 

9. What is the need for controllability test? 

The controllability test is necessary to find the usefulness of a state variable. If the state 

variables are controllable then by controlling (i.e. varying) the state variables the desired outputs of 

the system are achieved. 

10. What is the need for Observability test? 

The Observability test is necessary to find whether the state variables are measurable or not. If 

the state variables are measurable then the state of the system can be determined by practical 

measurements of the state variables. 

PART-B (Answer as Hint) 

1. Obtain the state model of the system described by the following transfer function   
 ૠ   (May/Jun-14)+࢙+࢙ሺ𝑺ሻ = ࢛ሺ𝑺ሻ࢟

 Given: (2 Marks) ௬ሺௌሻ௨ሺௌሻ = ହ௦మ+௦+   

 Solution: (14 Marks) 

 Find differential equation: (8 Marks) ݕሺܵሻ[ݏଶ + ݏ + ]  = ͷ[ݑሺܵሻ] ݕሺܵሻݏଶ + ݕݏሺܵሻ + ݕሺܵሻ  = ͷݑሺܵሻ ௗమ௬ௗ௧మ +  ௗ௬ௗ௧ + ݕ = ͷݑሺݐሻ       (1) 

 Let ݔଵ = ଶݔ  ݕ = ଵሶݔ = ௗ௬ௗ௧ ଷݔ          , = ଶሶݔ = ௗమ௬ௗ௧మ   
The eqn (1) becomes 

ଶሶݔ   = −ݔଶ − ݔଵ + ͷݑ 

 Obtain state model: (6 Marks) 

 State equation: 

ଵሶݔ    =  ଶݔ

ଶሶݔ  = −ݔଵ − ݔଶ + ͷݑ 

  Output equation:  

ݕ    =  ଵݔ

ଶሶݔଵሶݔ]   ] = [ Ͳ ͳ− −] [ଶݔଵݔ] + [Ͳͷ]  ݑ

ݕ   = [ͳ Ͳ]  [ଶݔଵݔ]
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2. Obtain the transfer function model for the following state space system. A=[  − −], B=[], 

C=[ ], D=[] (May/Jun – 14) 

 Given: (2 Marks) 

A=[ ͳ ͳ− −ͷ], B=[ͳͲ], C=[ͳ Ͳ], D=[Ͳ] 
 Solution: (14 Marks) 

 Obtain state model: (6 Marks) 

The general equation is 

 ሶܺ = ܺܣ +  ܷܤ

 ܻ = ܺܥ +  ܷܦ

State model is  

ଶሶݔଵሶݔ]  ] = [ ͳ ͳ− −ͷ] [ଶݔଵݔ] + [ͳͲ]  ݑ

ݕ   = [ͳ Ͳ]  ݑ[Ͳ]+[ଶݔଵݔ]

 Find differential equation: (4 Marks) 

From state model 

ଵሶݔ  = ଵݔ + ଶݔ +  (1)            ݑ

ଶሶݔ  = −ݔଵ − ͷݔଶ            (2) 

ݕ  =  ଵ                                                 (3)ݔ

Obtain differential eqn.  

ݕ  = ሶݕ   ,ଵݔ = ଵሶݔ  = ሷݕ   ,ଶݔ = ଶሶݔ =   ଷݔ

Eqn. (1), (2) & (3) becomes 

ݕ  + ݑ = Ͳ 

ሷݕ   − ݑ + ͷݕሶ = Ͳ     

   
ௗమ௬ௗ௧మ + ͷ ௗ௬ௗ௧ = ݑሺݐሻ                                      (4) 

 Find transfer function: (4 Marks) 

Apply Laplace transform.  

 Eqn. (4) becomes 

  ܵଶܻሺܵሻ + ͷܻܵሺܵሻ = ܷሺܵሻ 

  ܻሺܵሻ[ܵଶ + ͷܵ] =  ܷሺܵሻ 

  ܶሺܵሻ = ሺௌሻሺௌሻ = ௌమ+ହௌ 
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3. Consider the following system with differential equation given by  ⃛࢟ + ࢟ ሷ + ࢟ሶ + ࢟ = ࢛ obtain the state model in diagonal canonical form. ( Nov/Dec -15) 

 Given: (2 Marks) ⃛ݕ + ݕ ሷ + ͳͳݕሶ + ݕ = ݑ 

 Solution: (14 Marks) 

 Find differential equation: (8 Marks) ௗయ௬ௗ௧య +  ௗమ௬ௗ௧మ + ͳͳ ௗ௬ௗ௧ + ݕ = ݑሺݐሻ      (1) 

 Let ݔଵ = ଶݔ  ݕ = ଵሶݔ = ௗ௬ௗ௧ ଷݔ          , = ଶሶݔ = ௗమ௬ௗ௧మ ସݔ       ,  = ଷሶݔ = ௗయ௬ௗ௧య  

The eqn (1) becomes 

ଷሶݔ   = −ݔଷ − ͳͳݔଶ − ݔଵ + ݑ 

 Obtain state model: (6 Marks) 

 State equation: 

ଵሶݔ    =  ଶݔ

ଶሶݔ    =  ଷݔ

ଷሶݔ  = −ݔଵ − ͳͳݔଶ − ݔଷ + ݑ 

  Output equation:  

ݕ    =  ଵݔ

ଷሶݔଶሶݔଵሶݔ]   ] = [ Ͳ ͳ ͲͲ Ͳ ͳ− −ͳͳ −] [ଷݔଶݔଵݔ] + [ͲͲ]  ݑ

ݕ   = [ͳ Ͳ Ͳ]  [ଷݔଶݔଵݔ]

4. For a system represented by state equation X(t) = AX(t). The response is ࢄሺ࢚ሻ = [ 𝒆−࢚−𝒆−࢚] 
when ࢄሺሻ = [ −] and ࢄሺ࢚ሻ = [ 𝒆−࢚−𝒆−࢚] When ሺሻ = [ −] . Determine the system matrix A and 

the state transition matrix.(Apr/May-17) 

 Solution: (2 Marks) 

   The solution of state equation is, ܺሺݐሻ = ݁𝐴௧ܺሺͲሻ 

   Multiply above equation by ݁−𝐴௧ 

      ݁−𝐴௧ܺሺݐሻ = ܺሺͲሻ 

 Find state transition matrix: (8 Marks) 

Case (i): ࢄሺ࢚ሻ = [ 𝒆−࢚−𝒆−࢚] when ࢄሺሻ = [ −] 
      ݁−𝐴௧ [ ݁−ଶ௧−ʹ݁−ଶ௧] = [ ͳ−ʹ] 
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     Let, ݁−𝐴௧ = [݁ଵଵ ݁ଵଶ݁ଶଵ ݁ଶଶ] 

      [݁ଵଵ ݁ଵଶ݁ଶଵ ݁ଶଶ] [ ݁−ଶ௧−ʹ݁−ଶ௧] = [ ͳ−ʹ] 

    We get, ݁ଵଵ݁−ଶ௧ − ʹ݁ଵଶ݁−ଶ௧ = ͳ   (1) 

       ݁ଶଵ݁−ଶ௧ − ʹ݁ଶଶ݁−ଶ௧ = −ʹ   (2) 

Case (ii): ࢄሺ࢚ሻ = [ 𝒆−࢚−𝒆−࢚] When ࢄሺሻ = [ −] 
      ݁−𝐴௧ [ ݁−௧−݁−௧] = [ ͳ−ͳ] 
 [݁ଵଵ ݁ଵଶ݁ଶଵ ݁ଶଶ] [ ݁−௧−݁−௧] = [ ͳ−ͳ] 

    We get, ݁ଵଵ݁−௧ − ݁ଵଶ݁−௧ = ͳ            (3) 

       ݁ଶଵ݁−௧ − ݁ଶଶ݁−௧ = −ͳ           (4) 

 Solve equation (1), (2), (3) & (4) 

   ݁ଵଵ = ʹ݁௧ − ݁ଶ௧ 

   ݁ଵଶ = ݁௧ − ݁ଶ௧ 

   ݁ଶଵ = −ʹ݁௧ + ʹ݁ଶ௧ 

   ݁ଶଶ = −݁௧ + ʹ݁ଶ௧ 

  So, ݐݏ𝑎ݎݐ ݁ݐ𝑎݊ݏ𝑖ݐݏ𝑖݊ ݉𝑎ݎݐ𝑖ݔ 𝑖ݏ ݁−𝐴௧ = [݁ଵଵ ݁ଵଶ݁ଶଵ ݁ଶଶ] = [ ʹ݁௧ − ݁ଶ௧ ݁௧ − ݁ଶ௧−ʹ݁௧ + ʹ݁ଶ௧ −݁௧ + ʹ݁ଶ௧] 

 Find system matrix: (6 Marks) 

  𝜑ሺܵሻ = 𝐿[݁𝐴௧] 
  𝜑ሺܵሻ = [ ௦+ଷሺ௦+ଵሻሺ௦+ଶሻ ଵሺ௦+ଵሻሺ௦+ଶሻ−ଶሺ௦+ଵሻሺ௦+ଶሻ ௦ሺ௦+ଵሻሺ௦+ଶሻ] 

ܣ   = 𝐼ݏ − 𝜑ሺݏሻ−ଵ 

   𝜑ሺݏሻ−ଵ = ݏ| −ͳʹ ݏ + ͵| 
ܣ ݔ𝑖ݎݐ𝑎݉ ݉݁ݐݏݕݏ  = | Ͳ ͳ−ʹ −͵| 

5. Construct a state model of the following electrical system. (Apr/May-17) 

 

 Step: 1 (3 Marks) 

   Apply KVL for given electrical circuit 

    ܴଵ𝑖ଵ + 𝐿ଵ ௗ𝑖ௗ௧ + ܸଵ + ܸଶ = Ͳ    (1) 

    ܴଶ𝑖ଶ + ܸଶ = Ͳ      (2) 
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 Step: 2 (3 Marks) 

   Choose current through inductor 𝑖ଵ = ܺଵ 

  Voltage across capacitor ܸଵ = ܺଶ = ଵ𝐶భ ∫ܺଵ݀(3)   ,ݐ 

      ܸଶ = ܺଷ = ଵ𝐶మ ∫ܺଵ݀(4)   ݐ 

 Step: 3 (3 Marks) 

   Choose existing source as input u 𝑁 𝑖݊݁ܿݎݑݏ ݐݑ 

  Choose Voltage drop across ܴଶ as output y 

ଵݕ   = ܴଵ𝑖ଵ, ଶݕ = ܴଶ𝑖ଶ 

ଵݕ   = ܴଵܺଵ, ଶݕ = ܴଶ𝑖ଶ 

 Step: 4 (4 Marks)  

   Substitute state variable in KVL 

  Eqn. (1) becomes ܴଵܺଵ + 𝐿ଵܺଵሶ + ܺଶ + ܺଷ = Ͳ 

     ܺଵሶ = − ோభభ𝐿భ − మ𝐿భ − య𝐿భ 

  Eqn. (3) becomes ܺଶሶ = ଵ𝐶భ ܺଵ 

  Eqn. (4) becomes ܺଷሶ = ଵ𝐶మ ܺଵ 

 Step: 5 (3 Marks)  

 State model 

  [ܺଵሶܺଶሶܺଷሶ ] = [  
  − ோభ𝐿భ − ଵ𝐿భ − ଵ𝐿భଵ𝐶భ Ͳ Ͳଵ𝐶మ Ͳ Ͳ ]  

  [ ଵܺܺଶܺଷ] , [ଵݕ] = [ܴଵ][ܺଵ] 
6. Check the controllability of the following state space system  ࢞ሶ = ࢞ + ;࢛ ሶ࢞  = ଷሶݔ  ;࢞ = ଶݔʹ− − ଷݔ͵ + ଵݑ +  ଶ. (May/Jun – 14)ݑ

 Given: (2 Marks) 

ଵሶݔ    = ଶݔ + ଶሶݔ   ;ଶݑ = ଷሶݔ  ;ଷݔ = ଶݔʹ− − ଷݔ͵ + ଵݑ +  ଶݑ

 Solution: (14 Marks) 

 Find state model: (4 Marks) 

From the given system state model is written as, 

ଷሶݔଶሶݔଵሶݔ]    ] = [Ͳ ͳ ͲͲ Ͳ ͳͲ −ʹ −͵] [ଷݔଶݔଵݔ] + [Ͳ ͳͲ Ͳͳ ͳ]  [ଶݑଵݑ]
ܣ   = [Ͳ ͳ ͲͲ Ͳ ͳͲ −ʹ −͵] , ܤ = [Ͳ ͳͲ Ͳͳ ͳ] 
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 Check for controllability (10 Marks) 

 Kalman’s test for controllability: 

  ܳ = ܤ] ܤܣ  [ܤଶܣ
ܤ   = [Ͳ ͳͲ Ͳͳ ͳ] , ܤܣ = [ Ͳ Ͳͳ ͳ−͵ −͵] , ܤଶܣ = [ ͳ ͳ−͵ −͵  ] 

ܳ = [Ͳ ͳͲ Ͳͳ ͳ   Ͳ Ͳͳ ͳ−͵ −͵   ͳ ͳ−͵ −͵  ] 

Take any 3X3 sub matrix and find determinant.  

 ܳ = [Ͳ ͳ ͲͲ Ͳ ͳͳ ͳ −͵] 

   |ܳ| = Ͳ Hence it is not completely controllable. 

7. Check the controllability of the system by Kalman’s test whose state model is given as, 

ሶ࢞ሶ࢞ሶ࢞) ) = (   − −   −)(࢞࢞࢞) + ()࢛; ࢟  = ሺ  ሻ(࢞࢞࢞) (Nov/Dec – 16) 

 Given: (2 Marks) 

ݔͳሶݔ) ሶʹݔ ሶ͵ ) = ( Ͳ ͳ Ͳ−ʹ −͵ ͲͲ ʹ (͵ݔʹݔͳݔ)(͵− + (ͲʹͲ)ݑ; ݕ  = ሺͳ Ͳ Ͳሻ  (͵ݔʹݔͳݔ)

 Solution: (14 Marks) ܣ = ( Ͳ ͳ Ͳ−ʹ −͵ ͲͲ ʹ −͵) , ܤ = (ͲʹͲ) , ܥ = ሺͳ Ͳ Ͳሻ 

 Step: 1 (7 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ͲʹͲ] , ܤܣ = [−ʹͶ ] , ܤଶܣ = [ −ͳͶ−ʹͶ] 

ܳ = [Ͳ ʹ −ʹ − ͳͶͲ Ͷ −ʹͶ] |ܳ| = Ͷͺ ≠ Ͳ Hence it is completely controllable. 

 Step: 2 (7 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͳͲͲ] , ்ܣ = [Ͳ −ʹ Ͳͳ −͵ ʹͲ Ͳ −͵] , ்ܥ்ܣ = [ͲͳͲ] , ்ܥమ்ܣ = [−ʹ−Ͳ͵ ]  
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ܳ𝑜 = [ͳ Ͳ −ʹͲ ͳ −͵Ͳ Ͳ Ͳ ] |ܳ𝑜| = Ͳ  Hence it is not observable. 

8. Consider the system defined by X=Ax + BU, Y = Cx where  = [     − − −] ; =  []  ; = [  ] . Check the controllability and observability of the system. (Nov/Dec – 15) 

 Given: (2 Marks) ܣ = [ Ͳ ͳ ͲͲ Ͳ ͳ− −ͳͳ −] ; ܤ =  [ͳͲͳ] ; ܥ =  [ͳͲ ͷ ͳ] 
 Solution: (14 Marks) 

 Step: 1 (7 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ͳͲͳ] , ܤܣ = [ ͳͳ−ͳʹ] , ܤଶܣ = [ ͳ−ͳʹͳ ] 

ܳ = [ͳ ͳ ͳͲ ͳ −ͳʹͳ −ͳʹ ͳ ] |ܳ| = −ͻ ≠ Ͳ Hence it is completely controllable. 

 Step: 2 (7 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͳͲͷͳ ] , ்ܣ = [Ͳ Ͳ −ͳ Ͳ −ͳͳͲ ͳ − ] , ்ܥ்ܣ = [−−ͳ−ͳ] , ்ܥమ்ܣ = [ͷͷ]  
ܳ𝑜 = [ͳͲ − ͷ −ͳ ͷͳ −ͳ ͷ] |ܳ𝑜| = ͻ ≠ Ͳ   Hence it is completely observable. 

9. Consider a system with state space model given below. 𝐗 = [     − − −]𝐗 + [ −]𝐮; ܡ = [  ]ܠ + []𝐮; Verify that the system is observable and controllable. (May/Jun – 15) 

 Given: (2 Marks) 

 x = [ Ͳ ͳ ͲͲ Ͳ ͳ−ͳ −ͷ −ͳ]X + [ Ͳͷ−ʹͶ] u;      y = [ͳ Ͳ Ͳ]x + [Ͳ]u 
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 Solution: (14 Marks) ܣ = [ Ͳ ͳ ͲͲ Ͳ ͳ−ͳ −ͷ −ͳ] ; ܤ =  [ Ͳͷ−ʹͶ] ; ܥ =  [ͳ Ͳ Ͳ] 
 Step: 1 (7 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ Ͳͷ−ʹͶ] , ܤܣ = [ ͷ−ʹͶ−ͳ ] , ܤଶܣ = [−ʹͶ−ͳͳͳ] 

ܳ = [ Ͳ ͷ −ʹͶͷ −ʹͶ −ͳ−ʹͶ −ͳ ͳͳ] |ܳ| = ͳͳͳͶ ≠ Ͳ Hence it is completely controllable. 

 Step: 2 (7 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͳͲͲ] , ்ܣ = [Ͳ Ͳ −ͳͳ Ͳ −ͷͲ ͳ −ͳ] , ்ܥ்ܣ = [ͲͳͲ] , ்ܥమ்ܣ = [ͲͲͳ]  
ܳ𝑜 = [ͳ Ͳ ͲͲ ͳ ͲͲ Ͳ ͳ] |ܳ𝑜| = ͳ ≠ Ͳ   Hence it is completely observable. 

10. Test the controllability and observability of the system whose state space representation is 

given as [ࢄࢄࢄ] = [   − −   ] [ࢄࢄࢄ] + []࢛;   y=[  ]  (Nov/Dec – 14)   [ࢄࢄࢄ]

 Given: (2 Marks) 

 [ܺͳܺʹܺ͵] = [ Ͳ Ͳ ʹ−ʹ −͵ ͲͲ ʹ ͵] [ܺͳܺʹܺ͵] + [ͲʹͲ] y     ݑ = [ͳ Ͳ Ͳ] [ܺͳܺʹܺ͵] 

 Solution: (14 Marks) ܣ = [ Ͳ Ͳ ʹ−ʹ −͵ ͲͲ ʹ ͵] ; ܤ =  [ͲʹͲ] ; ܥ =  [ͳ Ͳ Ͳ] 
 Step: 1 (7 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ͲʹͲ] , ܤܣ = [ Ͳ−Ͷ ] , ܤଶܣ = [ͳͅͲͅ ] 

ܳ = [Ͳ Ͳ ͺʹ − ͳͺͲ Ͷ Ͳ ] 
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|ܳ| = Ͷ ≠ Ͳ Hence it is completely controllable. 

 Step: 2 (7 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͳͲͲ] , ்ܣ = [Ͳ −ʹ ͲͲ −͵ ʹʹ Ͳ ͵] , ்ܥ்ܣ = [ͲͲʹ] , ்ܥమ்ܣ = [ͲͶ]  
ܳ𝑜 = [ͳ Ͳ ͲͲ Ͳ ͶͲ ʹ ] |ܳ𝑜| = −ͺ ≠ Ͳ  Hence it is completely observable. 

11. Test the controllability and observability of the system whose state space representation is 

given as [ࢄࢄࢄ] = [   − −   −] [ࢄࢄࢄ] + [] y=[   ;࢛  ]  (May/Jun – 16) [ࢄࢄࢄ]

 Given: (2 Marks) 

 [ܺͳܺʹܺ͵] = [ Ͳ Ͳ ͳ−ʹ −͵ ͲͲ ʹ −͵] [ܺͳܺʹܺ͵] + [ͲʹͲ] ;ݑ      y = [ͳ Ͳ Ͳ] [ܺͳܺʹܺ͵] 

 Solution: (14 Marks) ܣ = [ Ͳ Ͳ ͳ−ʹ −͵ ͲͲ ʹ −͵] ; ܤ =  [ͲʹͲ] ; ܥ =  [ͳ Ͳ Ͳ] 
 Step: 1 (7 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ͲʹͲ] , ܤܣ = [ Ͳ−Ͷ ] , ܤଶܣ = [ Ͷͳͺ−ʹͶ] 

ܳ = [Ͳ Ͳ Ͷʹ − ͳͺͲ Ͷ −ʹͶ] |ܳ| = ͵ʹ ≠ Ͳ Hence it is completely controllable. 

 Step: 2 (7 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͳͲͲ] , ்ܣ = [Ͳ −ʹ ͲͲ −͵ ʹͳ Ͳ −͵] , ்ܥ்ܣ = [ͲͲͳ] , ்ܥమ்ܣ = [ Ͳʹ−͵]  
ܳ𝑜 = [ͳ Ͳ ͲͲ Ͳ ʹͲ ͳ −͵] |ܳ𝑜| = ͵ ≠ Ͳ Hence it is completely observable. 
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12. A system is characterized by the transfer function  
ሺ𝑺ሻ𝑼ሺ𝑺ሻࢅ = 𝑺+𝑺+𝑺+ . Find the state and 

output equation in matrix form and also test the Controllability and Observability of the 

system.  (Apr/May-17)  

 Given: (2 Marks) ܻሺܵሻܷሺܵሻ = ͵ܵଷ + ܵଶ + ͳͳܵ +  

 Solution: (14 Marks) 

 Step: 1 (4 Marks) 

Write state model equation 

 [ܺଵሶܺଶሶܺଷሶ ] = [ Ͳ ͳ ͲͲ Ͳ ͳ− −ͳͳ −] [ܺଵܺଶܺଷ] + [ͲͲʹ]  [ݑ]
ݕ  = [ʹ Ͳ Ͳ] [ܺͳܺʹܺ͵] 

ܣ = [ Ͳ ͳ ͲͲ Ͳ ͳ− −ͳͳ −] , ܤ = [ͲͲʹ] , ܥ = [ʹ Ͳ Ͳ] 
 Step: 2 (5 Marks) 

Kalman’s test for controllability: ܳ = ܤ] ܤܣ ܤ [ܤଶܣ = [ͲͲʹ] , ܤܣ = [ Ͳʹ−ͳʹ] , ܤଶܣ = [ ʹ−ͳʹʹ ] 

ܳ = [Ͳ Ͳ ʹͲ ʹ −ͳʹʹ −ͳʹ ʹ ] |ܳ| = ͺ ≠ Ͳ Hence it is completely controllable. 

 Step: 3 (5 Marks) 

Kalman’s test for Observability: ܳ𝑜 = ்ܥ] ்ܥ்ܣ ்ܥ [்ܥమ்ܣ = [ͲʹͲ] , ்ܣ = [Ͳ Ͳ −ͳ Ͳ −ͳͳͲ ͳ − ] , ்ܥ்ܣ = [ͲʹͲ] , ்ܥమ்ܣ = [ͲͲʹ]  
ܳ𝑜 = [ʹ Ͳ ͲͲ ʹ ͲͲ Ͳ ʹ] |ܳ𝑜| = −ͺ ≠ Ͳ Hence it is completely observable. 
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13. A discrete time is described by the difference equation y(k+2)+5y(k+1)+6y(k)=u(k), y(0)= 

y(1)=0;T=1 sec, Determine (i) State model in canonical form. (ii) State transition matrix. 

(Nov/Dec – 16, Nov/Dec – 14) 

 Given: (2 Marks) 

y(k+2)+5y(k+1)+6y(k)=u(k),  

 y(0)= y(1)=0; T=1 sec 

 Solution: (14 Marks) 

 Find z-transform: (8 Marks) ݖଶܻሺݖሻ + ͷܻݖሺݖሻ + ܻሺݖሻ = ܷሺݖሻ ݎݐ𝑎݊ݐܿ݊ݑ݂ ݎ݂݁ݏ𝑖݊ = ܻሺݖሻܷሺݖሻ = ͳݖଶ + ͷݖ +  

General term, 

 
ሺ௭ሻሺ௭ሻ = 𝐶భ௭+𝑎భ + 𝐶మ௭+𝑎మ 

Solve this eqn. by partial fraction technique, 

 
ሺ௭ሻሺ௭ሻ = − ଵ௭+ଷ + ଵ௭+ଶ         (1)    

 Find the state model in canonical form: (4 Marks) 

The general state model is given by, 

 [ܺଵሺ𝑘 + ͳሻܺଶሺ𝑘 + ͳሻ] = [−𝑎ଵ ͲͲ −𝑎ଶ] [ܺଵሺ𝑘ሻܺଶሺ𝑘ሻ] + [ͳͳ]  [ሺ𝑘ሻݑ]
  ܻሺ𝑘ሻ = ଵܥ] [ଵܥ [ܺଵሺ𝑘ሻܺଶሺ𝑘ሻ] +  ሺ𝑘ሻݑ

From the eqn. (1) state model is, 

 [ܺଵሺ𝑘 + ͳሻܺଶሺ𝑘 + ͳሻ] = [−͵ ͲͲ −ʹ] [ܺଵሺ𝑘ሻܺଶሺ𝑘ሻ] + [ͳͳ]  [ሺ𝑘ሻݑ]
  ܻሺ𝑘ሻ = [−ͳ ͳ] [ܺଵሺ𝑘ሻܺଶሺ𝑘ሻ] +  ሺ𝑘ሻݑ

 Find the state transition matrix: (4 Marks) 

 𝜑𝑘 = 𝑘ܣ = 𝒵−ଵ{[ݖ𝐼 −  {ݖଵ−[ܣ

ܣ  = [−͵ ͲͲ −ʹ] 

𝐼ݖ]  − ଵ−[ܣ = [ ଵ௭+ଷ ͲͲ ଵ௭+ଶ] 

𝑘ܣ ݔ𝑖ݎݐ𝑎݉ ݊𝑖ݐ𝑖ݏ𝑎݊ݎݐ ݁ݐ𝑎ݐݏ = [ሺ−͵ሻ𝑘 ͲͲ ሺ−ʹሻ𝑘] 
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