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UNIT-I 

CONTROL SYSTEM MODELING 

1. List the types of control systems. 

             There are two types of control systems. 

                          (i). Open loop control system.     (ii). Closed loop control system. 

            The closed loop control system is further divided into two types. 

                         (i). Feed forward system (Re-generative system) 

                         (ii). Feed back system (De-generative system) 

 

2. What is meant by open loop control system? 

         Any physical system which does not automatically correct the variation in its output is 

called an open loop control system. 

 

3. Define closed loop control system. 

        It is a system in which the output has an effect on the input quantity in order to maintain the 

desired output value. It is also called as Automatic Control System.   

 

4. Draw the block diagram of automatic control system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. What is an error detector in a control system? 

 An error detector compares a signal obtained through a feed back element. 

 If there is any error (or) difference between the feed back signal  and reference signal, 

then these error signal is fed to the controller which has a control elements. 

 

6. Give an example of error detector, Actuator and feed back systems. 

     Error detector:  Potentiometers, LVDT (Linear Variable Differential Transformer),   Synchros 

     Actuator         :   DC servomotor, AC servo motor, stepper motor 

     Feed back systems: Transducers, Tacho-generators. 

 



7. What are the advantages and disadvantages of open loop control systems? 

 Advantages: 

                   (i). Simple and Economical 

                   (ii). Easier to construct. 

                   (iii). Stable. 

 

Disadvantages: 

                     (i). Inaccurate and Unreliable 

                     (ii). The variation of output is not corrected automatically. 

 

8. What are the advantages and disadvantages of closed loop control systems? 

Advantages:  

               (i). Accurate 

              (ii). The sensitivity of the systems may be made small to make the system more stable. 

             (iii). If there is any non-linearities, it also produce accurate result. 

              (iv). These systems are less affected by noise. 

 

Disadvantages: 

              (i). Complex and costlier 

              (ii). The feed back may lead to oscillatory response. 

             (iii). The feed back reduces the overall gain of the system. 

             (iv). Not stable. 

 

9. Give an example for open loop and closed loop control systems. 

        (i). Temperature control system 

       (ii). Traffic control system. 

      (iii). Numerical control system 

      (iv). Position control system using servomotor. 

 

10. Name any dynamic models used to represent control systems. 

      (i). Distributed parameters and lumped parameter models. 

      (ii). Time varying and time invariant models. 

      (iii). Stochastic and deterministic models. 

       (iv). Non-linear and linear models. 

 

11. What is meant by linear time in-variant system? 

     In a system, the output has linear relationship with the input and also satisfies the principles of 

superposition and homogeneity with constant coefficients are called Linear Time Invariant 

system. 

 

12. State the principle of superposition. 

      It implies that,  if a system has responses y1(t) and y2(t)  to any two inputs  x1(t) and x2(t), then 

the system response to the linear combination of these inputs  a1x1(t) + a2x2(t) is given by the 

linear combination of the individual output‘s. (i.e) a1y1(t) + a2y2(t). 

Where a1  & a2 are constants. 

 

 

 

 

 



 

13. What is meant by transfer function of a system? 

        It is defined as the ratio of  Laplace  transform  of output to the Laplace transform of input 

with zero initial conditions. 

   Transfer function = [Laplace transform of output / Laplace transform of input] | with zero initial 

conditions. 

 

14. What are the basic elements used for modeling mechanical systems? 

 Mechanical translational system: 

      (i). Mass (M)---It represents the weight of mechanical system. 

      (ii). Spring (K)---It represents the elastic deformation of the body. 

     (iii). Dash – pot (B)—It represents the friction existing in the system. 

 

Mechanical rotational system: 

      (i). Moment of inertia of mass (J) 

      (ii). Torsional Spring with stiffness (K) 

     (iii). Dash – pot (B) which has rotational friction co-efficient.  

 

15. Write the force balance equation of ideal mass element, spring and dash pot of translational 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Write the force balance equation of ideal mass element with moment of inertia , spring and dash 

pot of rotational  system 

                             

 

 

 

 

 

 

 

 

 

 

 

 

 



17. What are the elements of electrical system? 

     (i). Resistor.       (ii). Capacitor        (iii). Inductor 

 

18. Define resistance and capacitance of liquid  level system. 

Fluid resistance: It is the constitutive  relation between pressure and mass flow rate. 

                                R =  P / Q0 

Fluid capacitance: It is the constitutive  relation between pressure and mass. 

                                C = (A / g) cub- m ( Newton / m
2
) 

 

19. What are the basic components of automatic control systems? 

   (i). Feed back network    (ii). Error detector    (iii). Controller   (iv). System 

 

20. What are the electrical analogous of mechanical translational system? 

         (i). Force voltage analogy     (ii). Force current analogy 

 

21. What are the electrical analogy of mechanical rotational system? 

        (i). Torque voltage analogy   (ii). Torque current analogy 

 

22. Write the electrical analogies of mechanical translational system. 

Force voltage analogy: 

 Mechanical system Electrical system 

Independent variable Force (f) Voltage (e(t)) 

Dependent variable Velocity(v) Current (i) 

Displacement(x) Charge (q) 

Dissipative element Friction co-efficient (B) Resistance(R) 

Storage element Mass(M) Inductance(L) 

Stiffness of spring (K) Inverse of capacitance(1/C) 

Physical law Newton‘s second law Kirchhoff‘s voltage law 

 

Force current analogy 

 Mechanical system Electrical system 

Independent variable Force (f) Current (i) 

Dependent variable Velocity(v) Voltage (e(t)) 

Displacement(x) Flux(φ) 

Dissipative element Friction co-efficient (B) Inverse of Resistance(1/R) 

Storage element Mass(M) Capacitance(C) 

Stiffness of spring (K) Inverse of Inductance(1/L) 

Physical law Newton‘s second law Kirchhoff‘s current  law 

 

 

23. Write the electrical analogies of mechanical rotational  system 

 

Torque  voltage analogy: 

 Mechanical system Electrical system 

Independent variable Torque(T) Voltage (e(t)) 

Dependent variable Angular Velocity(ω) Current (i) 

Angular Displacement(θ) Charge (q) 

Dissipative element Rotational Damping (B) Resistance(R) 

Storage element Moment of inertia of Mass(J) Inductance(L) 

Torsional  spring (K) Inverse of capacitance(1/C) 

Physical law Newton‘s second law Kirchhoff‘s voltage law 

 



Torque current Analogy 

 

 Mechanical system Electrical system 

Independent variable Torque(T) Current (i) 

Dependent variable Angular Velocity(ω) Voltage (e(t)) 

Angular Displacement(θ) Flux(φ) 

Dissipative element Rotational Damping (B) Inverse of Resistance(1/R) 

Storage element Moment of inertia of Mass(J) Capacitance(C) 

Torsional  spring (K) Inverse of Inductance(1/L) 

Physical law Newton‘s second law Kirchhoff‘s current  law 

 

 

 

24. What is meant by analogous systems? 

     If two systems are described by dynamical equations of similar form, these are said to be 

analogous  to each other. 

 

 

25. What are the advantages of block diagram representation? 

   (i). It indicating more realistically the signal flows of the actual system. 

   (ii). It is easy to form the overall block diagram for the entire system. 

   (iii). The functional operation of the system can be visualized more readily by examining the    

block diagram than by examining the physical system itself. 

 

26. What are the advantages of signal flow graph with reference to the block diagram? 

     (i). The overall gain of the system can be computed easily. 

    (ii). It is simpler than the block diagram reduction technique. 

 

27. What are the properties of signal flow graph? 

    (i). Branch is a directed line joining two nodes. The arrow on the branch indicates the direction 

of signal flow.  

    (ii). Node is a point representing a variable (or) signal. 

   (iii). Input node has only outgoing branches. 

   (iv). Output node has only  incoming branches. 

   (v). Mixed node has  both  incoming and outgoing branches. 

   (vi). Signal flow graph is not unique. 

 

28. Find the output for the block diagram given below. 

 

 

 

 

 

 

 

 

 

 

 

 



 

UNIT-II 

TIME RESPONSE ANALYSIS 

 

1. How the transient responses of a system with feedback differ to that without feedback? 

     The response decays more quickly for the system with feedback. 

 

2. Define peak time and peak over-shoot. 

Peak time: 

           It is the time taken for the response to reach the peak value for the very first time. 

Peak over shoot: 

          It is the ratio of the maximum peak value measured from final value to the final value. 

 

 

 

 

 

 

 

 

 

 

 

3. What are the effects of PI controller? 

           (i). The PI controller introduces zero in the system and increases the order by one. 

           (ii). This increase in order of the system results in a less stable than original one. 

           (iii). The PI controller also increases the type number by one. Due to this  the steady 

state error will be reduced. 

 

4. Draw the functional block diagram of PID controller. 

 

 

 

 

 

 

 

 

 

 

 

 

5. Write the equation in Laplace for a test signal analogous to shock and a signal with linear 

variation of time. 

     The test  signal analogous to shock is Impulse signal. Laplace equation for Impulse signal 

is  ‗ 1‘ 

       The test signal analogous to linear variation of time is Ramp signal. Laplace equation for 

Impulse signal is  ‗  1/s
2
 ‘ 

 

 



 

6. Define settling time. 

         It is defined as the time taken by the response to reach and stay within a specified error. 

The usual tolerable error is 2% (or) 5%  of final value. 

 

7. Distinguish between steady state and transient response of the system 

S.No Steady state response Transient response 

1 It shows the response of the 

system as time ‗ t‘ approaches 

infinity. (or) It is the response 

of the system for a given input 

after a very long time 

It is the response before the 

output reaches the steady state 

value. (or) It is the response of the 

system when the input changes 

from one state to another state. 

2 Using this response , we can 

easily find the accuracy and 

stability of any system 

Using this response, we can 

calculate the speed of particular 

system. 

 

8. What is type and order of a system? 

Type: 

     The number of poles  of the transfer function at the origin is called  type of a system 

Order: 

    The maximum power of  ―S‖ in the denominator polynomial of transfer function is called 

as order. 

 

9. What are the advantages of generalized error series? 

         (i). It is used to determine the dynamic behavior of the  errors for any type of input 

        (ii). It gives error signal as a function of time. 

 

10. List out the time domain specifications: 

        (i). Rise time (tr)                          (ii). Peak time   (tp)                  (iii). Delay time   (td)    

             (iv). Maximum over shoot (Mp)          (v). Settling time(ts) 

 

11. What is steady state error? 

        It is the value of error signal e(t), when ‗ t ‗ tends to infinity. These errors are  due to 

nature of input, type of system, non- linearity of system components. 

 

 

12. Name the test signals used in control system. 

  (i). Step signal      (ii). Ramp signal       (iii). Parabolic signal      (iv). Impulse signal 

  (v). Sinusoidal signal 



 

13. Why are differentiators generally not used in systems? (or) Why derivative controller is not 

used in control system? 

     The derivative controller  amplifies the noise signal and saturation in the amplifier. So   

derivative controller is not used in control system. 

 

14. How the system is classified depending on the value of damping ratio? 

      Depending upon the value of  damping ratio( ξ ), the system can be classified into four 

types. 

 (i).   Un-damped system ( ξ = 0 ) 

 (ii). Under damped system 0 <  ξ < 1 

 (iii) . Critically  damped system ( ξ = 1) 

  ( iv). Over damped system (  ξ > 1 ) 

 

15.  What are the units of  Kp , Kv,  and Ka ? 

    Unit of Kp = No unit. 

    Unit of Kv =  Sec 
-1

 

    Unit of Ka = Sec 
-2

 

 

16. Write the transfer function of  PID controller. 

 

 

 

 

 

 

 

 

 

 

 

17. Plot the time response of the first order system to a unit step and unit ramp input. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

18. Give the steady state errors to a various standard inputs  

Input Error constants                           Steady state error 

Type- 0 system    Type – 1 system    Type – 2 system 

Unit step u(t) Positional error 1/(1+Kp)             0 0 

Unit ramp( ‗ t ‗ ) Velocity error          ∞            1/Kv 0 

Unit parabolic 

 (‗ t
2
/2‘) 

Acceleration  

error 

         ∞             ∞           1/Ka 

 

 

 

19. Write the expression for rise time with respect to second order under damped system 

 

 

 

 

 

 

 

 

 

 

 

 

 

20. What is expression for unit step response  of  second order under damped system. 

 

 

 

 

 

 

 

 

 

 

 

 

21. What might a designer wish to put the derivative term in the feed back path rather than error 

path? 

        In many systems,  the requirement is that the system should respond quickly to errors and 

not produce excessive oscillations / over  shoots.  This can be achieved by feed back of the 

system with derivative of its output rather than just output. 

 

 

 

 

 

 

 



 

22. What may be the damping ratio when the percentage of over shoot of the system is 100%? 

 

 

 

 

 

 

 

 

 

 

 

 

23. What is meant by velocity error? 

     (i). It is used to express the steady state error for a ramp input. 

   (ii). The dimension of the velocity error is the same as the system error. 

  (iii). Velocity error is not an error in velocity, but it is an error in position due to a ramp input. 

 

24. Give  the expression for maximum over shoot for a second order sysye. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                              UNIT-III 

                                      FREQUENCY RESPONSE ANALYSIS 

  

1. Using Bode plot, how will you assess the stability of a system? 

      (i). If both gain margin and phase margin are positive , then the system is stable. 

      (ii). If any one of the two  (or) both are negative, then the system is unstable. 

 

2. Draw the circuit of Lead compensator and draw its pole – zero  plot. 

 

 

 

 

 

 

 

 

 

 

3. What are the frequency domain specifications? 

    (i). Resonant peak (Mr)          (ii). Resonant frequency ( ωr)      (iii). Band width ( ωb) 

    (iv). Cut – off   rate                (v). Cut – off  frequency ( ωc )     (vi). Gain margin (Kg)   

   (vii). Phase margin ( γ ) 

 

4. What is compensation and compensator? 

  Compensation: 

          It is the design procedure in which the system behavior  is altered to meet the desired 

specifications. 

Compensator: 

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

Compensator. 

 

5. Define resonant frequency. 

                          The frequency at which the output of the system has maximum magnitude is known as  

               the resonant frequency. 

 

 

6. Define resonant peak. 

      The maximum value of  the  magnitude of closed loop transfer function ( CLTF ) is called the 

resonant peak.      

 

7. Nichols chart can be used to determine Open loop and Closed loop response 

 

8. Define gain margin. 

      It is the amount of gain in dB  that can be added to the loop before the closed loop system 

becomes unstable. 

    Gain margin (Kg) =  1 / |G(jωpc| 

 Where ωpc = phase cross over frequency.  

 



9. Define bandwidth. 

                     It is the range of frequencies for which the system normalized gain is more than – 3 dB. 

 

10. Define cut – off frequency. 

 The frequency at which  the gain  is -3 dB  is called cut off frequency. 

 

11.  Define cut off rate. 

                        It is the slope of the frequency response near the cut off frequency. (or) The slope of the  

 log – magnitude curve near the cut – off frequency is called cut off rate. It indicates the ability of 

 the system to distinguish the signal from noise. 

 

12.   Define gain cross over and gain cross over frequency. 

   Gain cross over: 

          The point at which the magnitude plot cross over  o dB     . 

                 Gain cross over frequency: 

                       The frequency at which the gain crosses over occurs. 

 

13. What is phase cross over and phase cross over frequency? 

 Phase cross over: 

      The point at which the phase plot crosses 180˚ 

Phase cross over frequency:  

     The frequency at which the phase crosses over occurs. 

 

14. Define phase margin. 

      It is the amount of phase shift in degrees that can be added to the loop before the closed loop 

becomes unstable. 

      Phase margin ( γ ) =  180˚ +  φgc 

                     Where φgc = phase angle of G(jω) at gain cross over frequency. 

 

15. What is meant by ‗corner frequency‘ in frequency response analysis? 

       The frequency at which the two asymptotes meet is called corner frequency (or) break 

frequency.  It divides the frequency response curve into two regions. 

                     (i). Low frequency region          (ii). High frequency region. 

 

16. What are constant M and N circles? 

  M circles:   It represents the magnitude plot of closed loop. 

                      The magnitude of closed loop transfer function with unity feed back can be shown 

in the form of circle for every value of M. These circles are called M circles. 

N circles: It represents the phase plot of closed loop. 

                 If the phase of closed loop transfer  function is α , then it can be shown that tan(α) will 

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

 

17. What is Nichols chart? 

       When we transform M   and N  circles to log magnitude and phase angle co – ordinates, the 

resultant plot is known as Nichols chart. It consists of M  and  N   contours, superimposed on 

ordinary graph. 

 

18. State the uses of Nicholas chart. 

     The Nicholas chart can be used to determine the closed loop frequency response from open 

loop response. 



 

19. What are the advantages and disadvantages of frequency response analysis? 

 Advantages:  

 

     (i). The design and parameter adjustment of the open loop system for the given  closed loop 

requirement is carried out easily. 

    (ii). The frequency response of LTI system is independent of the amplitude & phase of the 

input test signal. 

    (iii). The effect of noise disturbance and parameter variations in frequency domain can be 

easily visualized.  

 

Disadvantages: 

 

   (i). The frequency response test cannot be recommended for the systems with large time 

constants. 

   (ii). It cannot be performed on non – interruptable systems. 

 

20. What is the effect of  lag network?  

            (i). Lag  network is a LPF.  So high frequency noise signals are attenuated. 

            (ii). It reduces the bandwidth of a system and so slower the transient response. 

            (iii). It yields improvements in steady state accuracy at the expense of increase of transient 

response. 

 

21. How will you get closed loop response from open loop response? 

    Two graphical  methods are available to determine  the closed loop response from open loop 

response. They are 

        (i).  M  and  N  circles. 

        (ii). Nichols chart. 

 

22.  What are the effects of  Lag – Lead Compensator? 

       It improves both transient and steady state response. 

 

23. Draw the polar plot  for a type 2 third order system.  

 

 

 

 

 

 

 

24. Draw the circuit of lag compensator and write its transfer function. 

 

 

 

 

 

 

 

 

 



 

25. Draw the polar plot of  an integral term in transfer function. 

 

 

 

 

 

 

 

 

 

26. Write the MATLAB statement to draw the Bode plot of the given system. 

    BODE (SYS) draws the Bode plot of the LTI model SYS ( GIVEN SYSTEM). The frequency 

range and number of points are chosen automatically. 

 

27. Draw the polar plot of G(s) = 1 / ( 1+ sT) 

 

 

 

 

 

 

 

 

28. How will you find the phase margin from the Bode plot? 

   Phase margin ( γ ) =  180˚ +  φgc 

                     Where φgc = phase angle of G(jω) at gain cross over frequency. 

 

29. What is the relationship between  resonant peak and damping ratio? 

       In time response analysis,  Resonant peak (Mp) = e
(-ξπ/√(1-ξ2) 

               In frequency response analysis,  Resonant peak ( Mp)=  1/( 2ξ√(1-ξ
2
)) .  In time domain and 

frequency domain, the resonant peak is a function of  ξ only and is independent of  ωn 

 

30. Name the commonly used electrical compensating networks. 

        Series RC  and parallel RC electrical networks are the commonly used electrical 

compensating networks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                  UNIT-IV 

                                                     STABILITY ANALYSIS 

 

1. What is root locus? 

        The path taken by the roots of characteristics equation, when the open loop gain K is 

varied from 0 to ∞ are called   Root locus. 

 

2. State the effect of addition of poles in a root locus. 

      (i). Change in shape of root locus and shift towards the left of S plane. 

     (ii). Stability of the system is enhanced. 

    (iii). Range of gain will increase. 

    (iv). Settling time speeds up. 

 

3. What is angle criterion for root locus? 

         Characteristic equation is   1 + G(s)H(s) = 0  

                              G(s)H(s) = -1  as G(s)H(s) is a complex quantity. 

 

We can split the above equation into two,  by equating angles and magnitudes of both sides, 

            G(s)H(s) = 180˚   is called angle criterion. 

 

4. State Nyquist stability criterion. 

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

Nyquist contour in the S- plane encircles the critical point (-1 + j0) in the counter clockwise 

direction as many times as the number of right half of S-plane poles of G(s)H(s), then the 

closed loop system is stable. 

 

5. Define bounded input- bounded output stability.(BIBO) 

     A  linear relaxed system is said to have BIBO stability, if every bounded  (finite) input 

produces bounded (finite) output. 

 

6. The Nyquist plot of a certain feedback system crosses the negative real axis at ( -0.1 , 0 ). 

What is the gain margin of the system? 

 Gain margin (Kg) =  (1 / 0.1) = 10 

 

 

7. Write the condition for unstable system. 

     A system is unstable, if its output is unbounded for any bounded input. 

  If the output is bounded, |c(t)|≤ ∞ 

 

8. What is relative stability? 

     It is a quantitative measure of how fast the transients die out in a system 

 

9. Define stability of a system. 

      It refers to the performance of a control system. In a stable system, the output is 

predictable, finite and stable for a given input. 

 

 

 

 



10. When a system is said to be limitedly stable? 

        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 

limited stable. 

 

11. What is marginally stable system? 

   When the system has some roots with real parts equal to zero, but none with positive real 

parts, then the system is said to be marginally stable which is unstable. 

 

12. What is absolutely stable system? 

      If a system output is stable for all variations of its parameters, then the system is called 

absolutely stable system. 

 

13. What is conditionally stable system? 

      If a system output is stable for a limited range of variations of its parameters, then the 

system is called conditionally stable. 

 

14. Define relaxed system. 

     It is a system in which the initial conditions are zero. 

 

15. State Routh Hurwitz Stability Criterion. 

        The Routh Hurwitz Criterion can be stated as, ―The necessary and sufficient condition 

for  stability is that all of the elements in the first column of the Routh array be positive. If 

this condition is not met, then the system is unstable  and the number of sign changes in the 

elements  of the first column of the Routh array corresponds to the number of roots of the 

characteristic equation in the right half of the S –plane. 

 

16. What do you mean by minimum phase system and Non – minimum phase system? 

Minimum phase system: 

      It is a system in which all the poles and zeros lie on left half of S –plane 

Non – minimum phase system: 

     It is a system in which all the poles and zeros lie on right half of S –plane 

 

17. How the stability is determined from Routh Hurwitz table? (or) Limitations of Routh stability  

                (i). For a stable system, there should be no sign change in first column of Routh 

array. Number of sign changes gives the number of positive real part root. 

                 (ii). Routh Hurwitz criterion is applicable, when no power of ‗S‘ in the 

characteristic equation be absent. Any absence of power indicates the presence of atleast one 

positive real part root and confirm system instability. 

 

18. State  the condition for stability in terms of location of the roots in S – plane of a 

characteristic equation. 

       (i).The necessary and sufficient condition for  stability of the system is that all the co – 

efficient of its characteristic polynomial  be positive. 

       (ii). If  any co-efficient is zero, some of the roots may be on the imaginary axis (or) on 

the right half of the S-plane. 

      (iii). If any co-efficient is negative, then at-least one root is in the right half of the S- 

plane.  

 

 



 

19. State the advantages of Nyquist stability criterion over that of Routh‘s criterion. 

     (i). In this method, we can predict the closed loop stability of a given system from open 

loop data. 

     (ii). It can be modified for non-linear control system. 

     (iii). For unstable system, it indicates how to stabilize the system with the help of suitable 

compensating networks to obtain desired closed loop system specification. 

 

20. State the rule for obtaining the breakaway point in root locus. 

     Break away points are the points at which the two branches of root locus meet (or) from 

which they separate out. It can be obtained from the roots of characteristic equation after 

making  (dk / ds) = 0  

 

21. State the method of determining the gain K at point on root locus. (or) How is the value of 

gain K determined from root locus? 

        The open loop gain K at any point ( S= Sa )  on root locus is given by 

 K = ( Product of vector length from open loop poles to the point Sa ) / (Product of vector   

           length from open loop zeros to the point Sa) 

22. What is centroid? 

         It is the point of intersection of the asymptotes with the real axis. 

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

 Where,  n = number of open loop poles. 

               m = number of open loop zeros.  

 

23. What are the effects of adding open loop poles to root locus and the system? 

      The system becomes sluggish. Addition of pole degrades the relative stability and drives 

the system towards instability. 

 

24. How is the value of gain‘ K‘  determined from root locus plot? 

        It can be found by putting s =  jω in characteristics equation and separate the real part 

and imaginary part. 

       Equate the imaginary part to zero then find the value of ‗ω‘. This value of ‗ω‘ gives the 

points where the root locus crosses imaginary axis. 

       Equate the real part to zero  then find the value of ‗K‘. This is the value of gain at 

crossing point. Also this  ‗K‘ is the limiting value for stability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                           UNIT-V 

              STATE VARIABLE ANALYSIS & DIGITAL CONTROL SYSTEMS 

 

1. Define state  and state variable. 

  State: 

        The state of a dynamic system is defined as a minimal set of variables such that the 

knowledge of these variables at initial condition and together with the knowledge of the inputs for 

any time completely determine the behavior of the system.  

 

State variable: 

       The variables involved in determining the state of dynamic system are called the state 

variables. Generally x1(t), x2(t), ……xn(t) are called the state variables. 

 

2. What are the properties of state transition matrix. 

   (i). Φ ( 0 ) = I ( Identity matrix ) 

  (ii). Φ ( -t ) = Φ
 -1

 ( t ) 

 (iii). Φ ( t1 + t2 ) = Φ (t1 ). Φ (t2) 

 (iv). [Φ (t)]
n
 = Φ ( nt ) 

 

3. What are the advantages of state space representation? 

         (i). The state space analysis is applicable to any type of systems. They can be used for 

modeling and analysis of linear and non – linear systems, time variant and time invariant , 

multiple input and multiple output systems. 

        (ii). The state space analysis can be performed with initial conditions. 

        (iii). Using this analysis, the internal states of the system at any time instant can be 

predicted. 

 

4. What is meant by sampled data control systems? 

      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. 

 

5. Define state equation. 

         X‘(t) = AX(t) + BU(t)   (   State equation   ) 

          Y(t) = CX(t) + DU(t)   (Output equation   ) 

Where  X(t) = state vector of order (n×1) 

        U(t) = Input vector of order (m×1) 

              A = System matrix of order (n× n) 

             B = Input matrix of order (n ×m) 

              Y(t) = Output vector of order (p×1) 

               C = Output matrix of order (p× n) 

              D = Transmission  matrix of order (p×m) 

 

6. Give the concept of controllability  

                

 

 

 

 

 

 



7. Give the concept of observability. 

 

 

 

 

 

 

 

 

8. What is meant by quantization? 

        The process of converting a discrete time continuous valued signal in to  a discrete time 

discrete valued signal is called quantization. I n quantization, the value of each signal sample is 

represented by a value selected from a finite set of possible value called quantization levels. 

 

 

 

9. How the modal  matrix is  determined? 

 The modal matrix M  can be formed from eigen vectors. Let  m1, m2, m3, …..mn be the eigen 

vectors of a nth order system. Now the modal matrix M is obtained by arranging all the 

eigenvectors columnwise as shown below: 

           Modal matrix,  M = [ m1     m2     m3      m4……………….mn]  

 

 

10. Name the methods of state space representation for phase variables. 

                          (i). Observable canonical form  

                          (ii). Controllable canonical form 

                          (iii). Diagonal canonical form 

                         (iv). Jordon canonical form 

 

11. State sampling theorem 

 It states that a band limited continuous time signal with highest frequency (fm) can be 

uniquely recovered from its samples provided that the sampling rate (fs) is greater than  or equal to 2fm 

samples per second.(i.e) fs ≥ 2fm 


