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SECTION A  

(5Qx4M=20Marks) 

S. No.  Marks CO 

Q 1 (a) Define the term transfer function and its importance in process control. 

(b) Discuss the effect of poles and zeros on the final response of a system.  
4 CO1 

Q 2 Comment on direct acting and reverse acting controllers. 4 CO1 

Q 3 Explain the concepts of marginal and asymptotic stability in a dynamic system. 

Comment on the system's response when its poles are located on the imaginary 

axis. 

4 CO1 

Q 4 Describe the key characteristics of the response of a second-order system for 

overdamped, underdamped, and critically damped conditions. 
4 CO2 

Q 5 Discuss the limitations of Laplace domain analysis. 4 CO2 

SECTION B  

(4Qx10M= 40 Marks) 

Q 6 (a) Analyze the Routh-Hurwitz criterion and evaluate its role in determining the 

stability of a linear system. 

(b) Describe the key components of a Bode plot and assess how they are used to 

analyze the frequency response of a system. 

(c) Interpret the Nyquist stability criterion and apply it to analyze the stability of 

control systems. 

10 CO3 

Q 7 Elucidate on the properties and limitations of P, PI and PID controllers in the context 

of a close loop feedback control system. 10 CO2 



Q 8 Define root locus diagram. 

Explain the root locus diagram of the characteristic equation:  

(s +1) (s + 2) (s + 3) + 6Kc = 0, where Kc controller’s gain, shown below. 

 

10 CO3 

Q 9 A second-order process is described by the differential equation: 

 

(a) Write the transfer function G(s) relating the output y(t) to the input u(t). 

(b) For a step input of magnitude 2, determine the steady-state response of the 

system. 

OR 

In a chemical process, the concentration of a reactant follows first-order 

dynamics, governed by the equation: 

 
(a) Derive the time response CA(t) for a step change in the inlet concentration 

CAin. 

(b) Explain how changing the time constant τ affects the speed of response in the 

system. 

10 CO2 



SECTION-C 

(2Qx20M=40 Marks) 

Q 10 Consider the close loop feedback control system as shown below. Write 

regulatory, U(s) and servo, R(s) transfer functions for this close loop feedback 

control system. 

 
(a) Using τ1 = 1, τ2 = ½, τ3 = 1/3, determine the values of Kc for which the control 

system is stable.  

(b) For the value of Kc for which the system is on the threshold of instability, 

determine the roots of the characteristic equation.  

(c) Determine the stability of the system for which a PI controller is used. Use 

τ1 = 1, τ2 = ½, τ3 = 1/3, Kc = 5 and τI = 0.25. 

20 CO4 

Q 11 (a) Determine the form of the response for process shown below, 

 

(b) Draw the Bode and Nyquist plots for the plant transfer function of the Tank 

shown above. 

OR 

(a) Consider a second-order transfer function, with τ = 1 and ζ = 0.8, being 

disturbed with a sine wave input of 3 sin (0.5t) (refer figure below). Determine 

the form of the response after the transients have decayed and steady-state 

oscillations are established. 

 

(b) Draw the Bode and Nyquist plots for first order system with time delay of 

the form:(𝐾𝑝/(𝜏𝑠 + 1)) ∗ 𝑒𝜏𝑑𝑠 

20 CO4 

 




