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Part- I 

Q1  Only Short Answer Type Questions (Answer All-10) (2 x 10) 
 a) Create and show the block diagrammatic representation of any typical process control 

system and identify the elements involved in the process control block. 
 

 b) Which parameter is considered as a variable for measuring the performance of a 
control system? State three important requirements to satisfy the control system 
objective.  

 

 c) Determine the pressure value given by 500 Pa (Pa represents Pascal in SI unit) by 
converting the same into appropriate CGS unit. 

 

 d) State the utility of programmable logic controllers (PLCs) in the field of industrial 
control. Also indicate the functional role played by Tri-State buffers in association with 
PLCs. 

 

 e) Why do metallic resistors show a nearly linear characteristic between the change in 
resistance value with change in temperature? Write a valid mathematical expression in 
support of your and explain the same. 

 

 f) Derive the expression for the maximum detectable radiation wavelength (λmax), which 
would possibly enable a photon to get absorbed and thus provide the required 
excitation for an electron in the valence band of a photodetector to enter the 
conduction band.  

 

 g) Write the principal objective of signal conversion in any process control scheme. Name 
two devices each for solid state relays. 

 

 h) What does a ladder diagram represent? Draw the symbols used for following elements 
of ladder diagram.  
(i) Control relay and timer relay for input devices  
(ii) Motor and solenoid for output devices 

 

 i) Write brief note on the following items of a process control scheme and give examples 
for both considering that the process involved here is control of water temperature in a 
geyser.  
(i) controlled variable and  
(ii) controlling parameter  

 

 j) How much would be the percentage of span error for a process control scheme used 
to control fluid temperature in a tank when the fluid temperature is 260 K. Assume that 
the fluid temperature may vary in the range of 200-300 K and the reference 
temperature is set at 275 K. 
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  Part- II  
Q2  Only Focused-Short Answer Type Questions-  (Answer Any Eight out of Twelve) (6 x 8) 

 a) Design a process control loop for regulating the fluid flow in a pipe.  
Also, draw the physical diagram and block diagram of this process control loop and 
hence justify that both the loops are almost similar.  

 

 b) Explain the mechanism of analog and digital data representation.  
Also, draw a schematic diagram to explain the process of data conversion from analog 
to digital form and vice versa. 

 

 c) Justify that the working of a voltage divider circuit necessarily converts resistance 
variation into voltage variation. Also, design the voltage divider circuit shown in figure 
below and hence calculate the ratio of resistances (R1 : R2) so as to satisfy the voltage 
ratio VS : VD=1.5. 
 

 

 

 d) Illustrate the basic circuit model of a hysteresis comparator and formulate the input-
output relationship based on the circuit parameters.  
Also, present a clear comparison between open-collector comparators and  hysteresis 
comparators, highlighting the similarities and differences that exist between the two. 

 

 e) Illustrate the working of thermocouples through Seebeck effect and present a 
mathematical expression representing an approximate linear relationship between 
potential difference and temperature difference across its ends.  
With the help of this expression, calculate the proportionality constant (alpha) for a 
thermocouple that develops a potential difference of 10 mV across its ends, when one 
end is maintained at 50° C and the other end is maintained at 100° C. 

 

 f) Explain the principle of working of a strain gauge by indicating the parameters of the 
device which are considered for its operation.  
Also, derive the expression of gauge factor and explain its significance for that of a 
metal strain gauge. Give a brief note on signal conditioning of strain gauges and name 
two critical effects affecting signal conditioning techniques. 

 

 g) Analyze the working principle of photovoltaic cells with the help of a suitable p-n 
junction semiconductor device and draw the I-V curve for this device when exposed to 
varying light intensity. Calculate the range of short circuit current that may be produced 
by a photovoltaic cell if exposed to light radiation in the range of 6-9 mW/cm2. Assume 
that for the above range of light radiation, the open circuit voltage varies in the range of 
0.2-0.4 V and the current delivered to a 120 Ω resistor varies in the range of 0.2-1.2 
mA. 

 

 h) Develop a circuit model for a full wave bridge rectifier using silicon controlled rectifier 
(SCR) and explain its operation through suitable input and output waveforms.  
Also, compare the working of a gate turn-off thyristor (GTO) with that of the silicon 
controlled rectifier (SCR) by indicating the similarities, differences, merits, and 
drawbacks of the two devices. 

 

 i) Design a process control loop for an industry that manufactures mobile phones. 
Hence, develop a suitable flowchart to highlight various process objectives and sub-
objectives involved in this type of industry.  
Also, explain different components of the manufacturing process and write down an 
exhaustive list of process hardware elements you may propose for activation of the 
process. 
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 j) Give justification for the requirement of error detection in a process controller. Hence, 
develop a block diagram for an error detector associated with a controller used in any 
plant or process and thus write the mathematical expression for the error as a function 
of measured indication and set-point (reference) of the controlled variable. 

 

 k) Formulate an electronic controller to be used for control of water level in an overhead 
water tank by implementing an error detector which operates on the working principle 
of differential amplifier or OPAMP. Also distinguish the working of OPAMPs in 
differential mode and integral mode controller. 

 

 l) Analyze the significance of alarms in controllers based on digital electronic methods. 
Explain the various types of alarms which are used based on number of variables 
present in the process. Also elaborate the data logging technique used in process 
control by application of smart sensors and computers.  

 

    
  Part-III  
  Only Long Answer Type Questions (Answer Any Two out of Four)  

Q3 a) Describe the following important components of control system evaluation namely,  
(i) Stability 
(ii) Steady state regulation 
(iii) Transient regulation 
(iv) Evaluation criteria for damped response and cyclic response 

(8) 

 b) Examine the merits of digital control scheme in contrast with analog control scheme. 
Hence, discuss the following important components associated with digital control. 
(i) Supervisory control 
(ii) Direct digital control 

(8) 

    
Q4 a) Discuss the method for representing decimal numbers less than digit ‘1’ in fractional 

binary number form and write the mathematical expression describing the decimal to 
binary correlation for the fractional part. 

(6) 

 b) Given a fractional binary number b=0.10101 (base 2), evaluate its equivalent ‘N’ in 
decimal system with base 10. 

(5) 

 c) Describe briefly the properties of a thermistor (sensitivity, Range, and Response time) (5) 
    

Q5 a) Prove and justify that the total emitted radiation energy density is a function of the 
temperature of the object. Also draw the ideal curves of electromagnetic radiation 
depicting the change in emitted radiation energy density as a function of the 
temperature in support of the earlier justification. 

(8) 

 b) Briefly explain the following applications of semiconductor devices in industrial control. 
(i) Triggering of a TRIAC by using a DIAC 
(ii) Switched mode operation of BJT  
(iii) Advantages of IGBT over MOSFET  

(8) 

    
Q6 a) Give a detail classification of all possible modes as regards to discontinuous controller 

and give a clear comparison among these modes. 
(8) 

 b) Describe the general features and mode of implementation of pneumatic controllers 
considering 
(i) Proportional (P) control mode  
(ii) proportional-derivative (P-D) control mode 
(iii) proportional-integral (P-I) control mode 
(iv) proportional-integral-derivative (P-I-D) control mode 

(8) 
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