




















      
                   

               

           

Third Semester B.E/B.Tech. Degree Examination, June/July 2026
Material Science and Engineering  

 

Time: 3 hrs.                                                                                                    Max. Marks:100 
 

      Note: 1. Answer any FIVE full questions, choosing ONE full question from each module. 
                       2. M : Marks , L: Bloom’s level , C: Course outcomes.    
 
 

      Module – 1 M L C 

1 a. Differentiate between Crystalline and Non Crystalline solids.
 

5 L1 CO1 

 b. Explain Ionic and Metallic bonding with neat sketches. 
 

5 L2 CO1 

 c. Describe the term Atomic Packing Factor and calculate APF for a BCC 
structure.  
 

10 L3 CO1 

 

                                                                              OR 
 

2 a. Define : 
i)  Crystal lattice  
ii)  Unit cell 
iii) Co-ordination number  
iv)  Miller indices  
v)  Planar density.   
 

5 L1 CO1 

 b. Differentiate between Edge and Screw dislocations.  
 

5 L2 CO1 

 c. Apply the concept of crystal imperfections to explain  
i)  Point defects  
ii)  Surface defects.  
 

10 L3 CO1 

                                                                    
Module – 2 

 

3 a.  Define Solid Solution. State Hume-Rothery rules for substitutional solid 
solutions.   
 

5 L1 CO2 

 b. Explain Vacancy diffusion and Interstitial diffusion mechanisms with 
diagrams. 
 

5 L2 CO2 

 c. Draw a neat sketch of the Iron-Carbon diagram and label all critical points. 
 

10 L3 CO2 

                                                                                  

OR 
 

4 a. State Fick’s First and Second law of diffusion.  
 

5 L1 CO2 

 b.  Describe the Gibb’s phase rule and its importance in phase diagrams. 
 

5 L2 CO2 

 c. Draw a neat, labelled diagram of typical Cu-Ni phase diagram and explain the 
different phase regions.  

10 L3 CO2 
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rystalrystalline and line and 

etallic bonding with neat sketches. etallic bonding with neat sketches. 

Describe the term Describe the term AAtomic tomic 

                                                                                        

Define :Define :
Crystal lattice 

crew dislocations. crew dislocations. 

Apply the concept of crystal imperfectApply the concept of crystal imperfections to explain ions to explain 
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acancy diffusion and acancy diffusion and 

Max. Marks:100Max. Marks:100

full question from each module.full question from each module.

rystalline solids.rystalline solids.

etallic bonding with neat sketches. etallic bonding with neat sketches. 

actor and calculate APF for a BCC actor and calculate APF for a BCC 

                                                                    OROR

Differentiate between Differentiate between EEdge and dge and 

Apply the concept of crystal imperfectApply the concept of crystal imperfect
Point defects Point defects 
Surface defects. Surface defects. 

                                                                                                                                      

Define Define 
solutions.  solutions.  

ronron--CCarbon diagram and label all critical points. arbon diagram and label all critical points. 

Module Module –– 22

Rothery rules for suRothery rules for su

acancy diffusion and acancy diffusion and IInterstitial diffusion mechanisms with nterstitial diffusion mechanisms with III

                                                                                                                                              

irst and irst and SSecond law of diffusion. econd law of diffusion. 

Describe the Gibb’s phase rule and its importance in phase diagrams.Describe the Gibb’s phase rule and its importance in phase diagrams.

Draw a neat, labelled diagram of typical CuDraw a neat, labelled diagram of typical Cu
different phase rdifferent phase r
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Module – 3 
 

5 a. Define Homogeneous and Heterogeneous nucleation.  
 

5 L1 CO3 

 b. Explain the process of Annealing with a neat sketch. 
 

5 L2 CO3 

 c. Draw a schematic TTT diagram of eutectoid steel and label all the regions.  
 

10 L3 CO3 

 

                                                                                 OR 
 

6 a. Derive the expression for critical radius during Homogeneous nucleation.  
 

10 L3 CO3 

 b. Define Heat treatment and list its objectives.  
 

5 L1 CO3 

 c. Explain the working principle of Induction hardening and Flame hardening.  
 

5 L2 CO3 

 
Module – 4 

 

7 a. Define Surface Coating and list its objectives.  
 

5 L1 CO4 

 b. Explain Electroplating and its advantages.  
 

5 L2 CO4 

 c. Illustrate the complete Powder Metallurgy Process with a neat flow diagram. 
 

10 L3 CO4 

OR
 

8 a. List advantages and disadvantages of Powder Metallurgy.
 

5 L1 CO2 

 b. Explain the working principle of Chemical Vapour deposition.  
 

5 L2 CO2 

 c. Explain powder characteristics based on particle size and shape.   
 

10 L3 CO2 

                                                                   
 

Module – 5 
 

9 a. Explain the properties and applications of Copper, Brass and Bronze. 
 

10 L3 CO5 

 b. Evaluate materials based on design requirements and performance.   
 

10 L4 CO5 

 

                                                                                OR 
 

10 a. Classify Engineering Materials and explain the composition and applications 
of grey cast iron and steels.  
 

10 L3 CO5 

 b. Evaluate how Material Selection Charts aid in choosing suitable materials.  
 

10 L4 CO5 

* * * * * 
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Define Homogeneous and Heterogeneous nucleation. Define Homogeneous and Heterogeneous nucleation. 

nnealing with a neat sketch.nnealing with a neat sketch.

diagram of eutectoid steel and label all the diagram of eutectoid steel and label all the 

                                                                                                                                                                  OROR

Derive the expression for critical radius during Homogeneous nucleation. Derive the expression for critical radius during Homogeneous nucleation. 

Define Heat treatment and list its objectives. Define Heat treatment and list its objectives. 

Explain the working principle of Explain the working principle of 

urface urface C

Electroplating and its advantages. 

Explain the properties and applicatExplain the properties and applicat

rocess with a neat flow diagram.rocess with a neat flow diagram.

OROR

owder owder MM

hemical hemical 

Explain powder characteristics based on particle size and shape.  Explain powder characteristics based on particle size and shape.  

                                                                                                                                    

Evaluate materials based on design requirements and performance.  Evaluate materials based on design requirements and performance.  

regions. regions. 

Derive the expression for critical radius during Homogeneous nucleation. Derive the expression for critical radius during Homogeneous nucleation. 

nduction hardening and nduction hardening and 

Module Module ––

oating and list its objectives. oating and list its objectives. 

lectroplating and its advantages. lectroplating and its advantages. 

owder owder MMetallurgy etallurgy 

List advantages and disadvantages of List advantages and disadvantages of 

Explain the working pExplain the working p

Explain powder characteristics based on particle size and shape.  Explain powder characteristics based on particle size and shape.  

                                                                                                                                    

ions of ions of Copper, 

rocess with a neat flow diagram.rocess with a neat flow diagram.

apour deposition. apour deposition. 

Explain powder characteristics based on particle size and shape.  Explain powder characteristics based on particle size and shape.  

Module Module ––

Evaluate materials based on design requirements and performance.  Evaluate materials based on design requirements and performance.  
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Third Semester B.E./B.Tech. Degree Examination, June / July 2026 
Basic Thermodynamics

 
Time: 3 hrs.                                                                                                Max. Marks: 100 
 

Note: 1. Answer any FIVE full questions, choosing ONE full question from each module. 
                     2. M : Marks , L: Bloom’s level , C: Course outcomes. 

3. Use of the thermodynamic data hand book is allowed.
 

                  Module – 1 M L C 
Q.1 a. What do you understand by microscopic and macroscopic view points? 

 
06 L1 CO1 

b. Explain mechanical, chemical and thermal equilibrium with examples. 
  

06 L2 CO1 

c. With suitable examples distinguish between 
i) Open and Closed System 
ii) Path and Point – function 
iii) Intensive and Extensive properties. 
 

08 L2 CO1 

                                                                           OR 
Q.2 a. Define heat and work in thermodynamics.  Show that work is path function. 

 
08 L1 CO1 

b. Derive an expression for displacement work for polytrophic process.  
 

06 L2 CO1 

c. A cylinder contains one kg of air at 300 K and 100 KPa. Air is compressed 
to one fourth of its initial volume by the law PV1.25= C. 
Determine work done and heat interaction. 
 

06 L3 CO1 

                                                                      Module – 2  
Q.3 a. State the First law of thermodynamics applied to cyclic process and non 

cyclic process.  
 

06 L1 CO2 

b. Prove that internal energy is a property of a system.  
 

06 L3 CO2 

c. A nozzle is a device used for increasing the velocity of steadily flowing 
steam.  At inlet the enthalpy of fluid passing is 3000 KJ/Kg and velocity is 
60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 
horizontal and there is negligible heat loss from it.  
 
i) Find the velocity at exit of nozzle 
ii) If inlet area is 0.1 m2 and Specific volume at inlet is 0.187 m3/kg find 
mass flow rate.  
iii) If the specific volume at exit is 0.498 m3/Kg, find diameter at exit of 
nozzle.  

08 L4 CO2 

                                                                           OR 
Q.4 a. What are PMMK – I and PMMK - 2? Explain why they are impossible to 

exist.  
 

06 L1 CO2 

b. With assumptions, derive SFEE for a steady flow stream of fluid entering 
and leaving the control volume.  
 

06 L3 CO2 
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Module Module –
What do you understand by microscopic and macroscopic view points?What do you understand by microscopic and macroscopic view points?

Explain mechanical, chemical and thermal Explain mechanical, chemical and thermal 

With suitable examples distinguish between With suitable examples distinguish between 
i) Open and Closed Systemi) Open and Closed System
ii) Path and Point ii) Path and Point –– functionfunction
iii) Intensive and Extensive properties.iii) Intensive and Extensive properties.

                                                                                                                                                      
Define heat and work in thermodynamics.  Show that work is path function.Define heat and work in thermodynamics.  Show that work is path function.Define heat and work in thermodynamics.  Show that work is path function.Define heat and work in thermodynamics.  Show that work is path function.

polytrophicpolytrophic

one kg of air at 300 K and 100 KPone kg of air at 300 K and 100 KP
to one fourth of its initial volume by the law PVto one fourth of its initial volume by the law PV1.251.25= = 
Determine work done and heat interaction. 

Module Module –– 2 2 
irst law of thermodynamics applied to irst law of thermodynamics applied to 

Prove that internal energy is a property of a system. Prove that internal energy is a property of a system. 

A nozzle is a device used for increasing the velocity of steadily flowing A nozzle is a device used for increasing the velocity of steadily flowing 
inlet the enthalpy of fluid passing is 3000 KJ/Kg and velocity is inlet the enthalpy of fluid passing is 3000 KJ/Kg and velocity is 

60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 
horizontal and there is nhorizontal and there is n

i) Find the velocity at exit of nozzlei) Find the velocity at exit of nozzle
ii) If inlet area is 0.1 mii) If inlet area is 0.1 m

full question from each module.full question from each module.

What do you understand by microscopic and macroscopic view points?What do you understand by microscopic and macroscopic view points?

equilibrium with examples.equilibrium with examples.

OR
Define heat and work in thermodynamics.  Show that work is path function.Define heat and work in thermodynamics.  Show that work is path function.

Derive an expression for displacement work for Derive an expression for displacement work for 

one kg of air at 300 K and 100 KPone kg of air at 300 K and 100 KP
to one fourth of its initial volume by the law PVto one fourth of its initial volume by the law PV
Determine work done and heat interaction. Determine work done and heat interaction. 

                                                                                                                                            
irst law of thermodynamics applied to irst law of thermodynamics applied to 

cyclic process. cyclic process. 

Prove that internal energy is a property of a system. Prove that internal energy is a property of a system. 

A nozzle is a device used for increasing the velocity of steadily flowing A nozzle is a device used for increasing the velocity of steadily flowing 
steam.  At steam.  At 
60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 

                                                                                                                                                      

Air is compressed Air is compressed 

cyclic process and non process and non 

Prove that internal energy is a property of a system. Prove that internal energy is a property of a system. 

A nozzle is a device used for increasing the velocity of steadily flowing A nozzle is a device used for increasing the velocity of steadily flowing 
inlet the enthalpy of fluid passing is 3000 KJ/Kg and velocity is inlet the enthalpy of fluid passing is 3000 KJ/Kg and velocity is 

60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 60 m/s.  At discharge and the enthalpy is 2762 KJ /Kg.  The nozzle is 
egligible heat loss from it. egligible heat loss from it. 

i) Find the velocity at exit of nozzlei) Find the velocity at exit of nozzle
and Specific volume at inlet is 0.187 mand Specific volume at inlet is 0.187 m

iii) If the specific volume at exit is 0.498 miii) If the specific volume at exit is 0.498 m

What are PMMK What are PMMK –– I and PMMKI and PMMK

With assumptions, derive SFEE for a steady flow stream of fluid entering With assumptions, derive SFEE for a steady flow stream of fluid entering 
and leaving the control volume. and leaving the control volume. 
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c. The working fluid in a steady flow process flows at the rate of 220 Kg/min.  
The fluid rejects 100 KJ/s of heat passing through the system.  The fluid 
enters at a velocity of 320 m/s, pressure of 6 bar, internal energy of       
2000 KJ/Kg, specific volume of 0.36 m3 /Kg and leaves the system at a 
velocity of 140 m/s, pressure of 1.2 bar, internal energy 1400 KJ/Kg, 
specific volume of 1.3 m3/Kg.  Determine the power output in KW.  The 
change in potential energy is neglected.  
 

08 L3 2 

                                                                      Module – 3  
Q.5 a. State Kelvin – plank and Clausius statement of Second law of 

thermodynamics and show that they are equivalent.  
 

10 L2 CO3 

b. A Series combination of two Carnot engines operate between temperature 
of 120 C and 20 C.  Calculate the intermediate temperature.  
i) If the engines produces equal amount of work 
ii) If the efficiencies of engines are equal.  
 

10 L3 CO3 

                                                                           OR 
Q.6 a. Explain reversible and irreversible process.  Mention the factors which 

render a process irreversible.  
 

06 L2 CO3 

b. State and prove Clausius inequality. 
 

06 L2 CO3 

c. 5 Kg of copper block at 200 C is dropped to an insulated tank with 100 kg 
of oil at 30 C.  Find the increase in entropy of the universe.  Take specific 
heat of copper and ore as 0.4 KJ /kg - K and 2.1 KJ /Kg – k respectively. 

08 L3 CO3 

                                                                      Module – 4  
Q.7 a. With T.S diagram, briefly explain available energy and unavailable energy. 

  
06 L2 CO4 

b. Define the following terms with reference to pure substance  
i)     Latent heat of Vapourisation 
ii)    Sensible heat  
iii)   Saturation temperature 
iv)   Tripple point 
v)    Wet steam 
vi)  Dryness fraction  
vii)  Critical point 
 

14 L1 CO4 

                                                                           OR 
Q.8 a. With neat sketch, explain the working of combined separating  and 

throttling calorimeter.  
 

10 L2 CO4 

b. A pressure cooker contains 1.5 kg of saturated steam at 5 bar.  Find the 
quantity of heat which must be rejected so as to reduce quality to 60 % dry.  
Determine the pressure and temperature at new state.  
 

10 L4 CO4 
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The working fluid in a steady flow process flows at the rate of 220 Kg/min.  The working fluid in a steady flow process flows at the rate of 220 Kg/min.  
passing through the system.  The fluid passing through the system.  The fluid 

enters at a velocity of 320 m/s, pressure of 6 bar, internal energy ofenters at a velocity of 320 m/s, pressure of 6 bar, internal energy of
/Kg and leaves the system at a /Kg and leaves the system at a 

velocity of 140 m/s, pressure of 1.2 bar, internal energy 1400 KJ/Kg,velocity of 140 m/s, pressure of 1.2 bar, internal energy 1400 KJ/Kg,
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Module Module –– 3 
ClausiusClausius

thermodynamics and show that they are equivalent. thermodynamics and show that they are equivalent. 

A Series combination of two A Series combination of two CarnotCarnot
C.  Calculate the intermediate temperature. C.  Calculate the intermediate temperature. 

i) If the engines produces i) If the engines produces equal amount of workequal amount of work
ii) If the efficiencies of engines are equal. ii) If the efficiencies of engines are equal. 

                                                                                                                                                      
Explain reversible and irreversible process.  Mention the factors which Explain reversible and irreversible process.  Mention the factors which 
render a process irreversible. render a process irreversible. 

State and prove Clausius inequality.State and prove Clausius inequality.

                                                                                                                                                      

C is dropped to an insulated tank with 100 kg C is dropped to an insulated tank with 100 kg 
C.  Find the increase in entropy of the universe.  Take specific C.  Find the increase in entropy of the universe.  Take specific 

K and 2.1 KJ /Kg K and 2.1 KJ /Kg 

Module Module – 4 4 
diagram, briefly explain available energy and unavailable energy.diagram, briefly explain available energy and unavailable energy.

Define the following terms with reference to pure substance Define the following terms with reference to pure substance 
Latent heat of VapourisationLatent heat of Vapourisation

Saturation temperatureSaturation temperature

Dryness fraction Dryness fraction 
Critical pointCritical point

With neat sketch, explain the working of combined separating  and With neat sketch, explain the working of combined separating  and 

/Kg.  Determine the power output in KW.  The /Kg.  Determine the power output in KW.  The 

econd law of econd law of 

engines operate between temperature engines operate between temperature 
C.  Calculate the intermediate temperature. C.  Calculate the intermediate temperature. 

Explain reversible and irreversible process.  Mention the factors which Explain reversible and irreversible process.  Mention the factors which 

State and prove Clausius inequality.State and prove Clausius inequality.

copper block at 200copper block at 200 C is dropped to an insulated tank with 100 kg C is dropped to an insulated tank with 100 kg 
C.  Find the increase in entropy of the universe.  Take specific C.  Find the increase in entropy of the universe.  Take specific 

as 0.4 KJ /kgas 0.4 KJ /kg

                                                                                                                                            
diagram, briefly explain available energy and unavailable energy.diagram, briefly explain available energy and unavailable energy.

Define the following terms with reference to pure substance Define the following terms with reference to pure substance 
Latent heat of VapourisationLatent heat of Vapourisation
Sensible heat Sensible heat 

iii) Saturation temperatureSaturation temperature
iv)  iv)  Tripple pointTripple point
v) v)     Wet steamWet steam
vi) vi) 

                                                                           OROR

C is dropped to an insulated tank with 100 kg C is dropped to an insulated tank with 100 kg 
C.  Find the increase in entropy of the universe.  Take specific C.  Find the increase in entropy of the universe.  Take specific 

k respectively. k respectively. 

diagram, briefly explain available energy and unavailable energy.diagram, briefly explain available energy and unavailable energy.

Define the following terms with reference to pure substance Define the following terms with reference to pure substance 

With neat sketch, explain the working of combined separating  and With neat sketch, explain the working of combined separating  and 

A pressure cooker contains 1.5 kg of saturated steam at 5 bar.  Find the A pressure cooker contains 1.5 kg of saturated steam at 5 bar.  Find the 
quantity of heat which must be rejected so as to reduce quality to 60 % dry.  quantity of heat which must be rejected so as to reduce quality to 60 % dry.  
Determine the pressure and temperature at new state. Determine the pressure and temperature at new state. 
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Module – 5 
Q.9 a. State and explain Dalton’s law of partial pressure and Amogot’s law of 

additive volumes. 
 

06 L1 CO5 

b. Explain the following :  
i) Reduced properties 

ii) Law of corresponding states 

iii) Vander Waal’s equation of state  

iv) Generalized compressibility chart  

 

14 L2 CO5 

                                                                          OR
Q.10 a. Define  : 

i) Mole fraction  

ii) Mass fraction 

iii) Partial Pressure  

 

06 L1 CO5 

b. With usual notations write Clausius Clapeyron equation. 
 

06 L2 CO5 

c. Determine the pressure exerted by carbon dioxide in a container of 1.5 m3 
capacity when it contains 5 kg at 27  C,  
Using : 
i)  Ideal gas equation  

ii) Vander Wall’s equation 

Take Vander Wall’s constants for Co2 as   

 a = 364.3 KN - m4/Kg - mol2, 

 b = 0.0427 m3/ k-mol 

 

08 L3 CO5 
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iv) Generalized compressibility chart iv) Generalized compressibility chart 

                                                                                                                                                    OROR

iii) Partial Pressure iii) Partial Pressure 

With usual notations write Clausius Clapeyron equation.With usual notations write Clausius Clapeyron equation.

Determine the pressure exerted by carbon dioxide in a container of 1.5 mDetermine the pressure exerted by carbon dioxide in a container of 1.5 m
capacity when it contains 5 kg at 27capacity when it contains 5 kg at 27
Determine the pressure exerted by carbon dioxide in a container of 1.5 mDetermine the pressure exerted by carbon dioxide in a container of 1.5 m

as  

                                                                                                                                            

With usual notations write Clausius Clapeyron equation.With usual notations write Clausius Clapeyron equation.

Determine the pressure exerted by carbon dioxide in a container of 1.5 mDetermine the pressure exerted by carbon dioxide in a container of 1.5 m
capacity when it contains 5 kg at 27capacity when it contains 5 kg at 27 C, C, 

r Wall’s equationr Wall’s equation

Take Vander Wall’s constants for CoTake Vander Wall’s constants for Co

mm44m /Kg/Kg

b = 0.0427 m3b = 0.0427 m / k/ k-molmol
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                  Module – 1 M L C 
Q.1 a. Define the following terms with SI units : 

i) Weight Density       ii) Viscosity      iii) Compressibility     
iv) Capillarity  
 

08 L1 CO1 

b. The dynamic viscosity of an oil used for lubrication between a shaft and 
sleeve is 6 poise. The diameter of the shaft is 0.4 m and rotates at 190 rpm. 
Calculate the power lost in the bearing for a sleeve length of 90 mm. The 
thickness of the oil film is 1.5 mm. 
 

08 L3 CO1 

c. Classify the Manometers. 
 

04 L1 CO1 

                                                                           OR 
Q.2 a. The right limb of a simple U-tube manometer containing mercury is open 

to the atmosphere while the left limb is connected to a pipe in which a 
fluid of specific gravity 0.9 is flowing. The centre of the pipe is 12 cm 
below the level of mercury in the right limb. Find the pressure of fluid in 
the pipe if the difference of mercury level in the two limbs is 20 cm. 
 

08 L3 CO1 

b. Derive an expression for total pressure force and centre of pressure on a 
vertical plane surface immersed in static fluid. 
 

08 L3 CO1 

c. Define the following terms: 
(i)  Total Pressure         (ii)  Centre of Pressure 
  

04 L1 CO1 

                                                                      Module – 2  
Q.3 a. Differentiate between : 

(i) Steady and Unsteady Flow  
(ii) Uniform and Non-uniform Flow  
(iii) Laminar and  Turbulent Flow 

06 L2 CO2 

b. Derive the 3-dimensional flow continuity equation in Cartesian 
coordinates.  
 

08 L3 CO2 

c. The velocity potential function is given by   = 5(x2 – y2).   Calculate the 
velocity components at the point  (4, 5). 
 

06 L3 CO2 

                                                                           OR 
Q.4 a. Derive the Hagen Poiseulle equation for laminar flow through a circular 

pipe. 
 

12 L3 CO2 

b. A crude oil of viscosity 0.9 poise and specific gravity 0.8 is flowing 
through a horizontal circular pipe of diameter 80 mm and of length 15 m. 
Calculate the difference of pressure at the two ends of the pipe, if 50 kg of 
oil is collected in a tank in 15 seconds. Also calculate the loss of pressure 
head.

08 L3 CO2 
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Module Module –– 1
Define the following terms with SI units :Define the following terms with SI units :
i) Weight Density       ii) Viscosity      iii) Compressibility     i) Weight Density       ii) Viscosity      iii) Compressibility     

The dynamic viscosity of an oil used for The dynamic viscosity of an oil used for 
sleeve is 6 poise. The diameter of the shaft is 0.4 m and rotates at 190 rpm. sleeve is 6 poise. The diameter of the shaft is 0.4 m and rotates at 190 rpm. 

lost in the bearing for a sleeve length of 90 mm. The ost in the bearing for a sleeve length of 90 mm. The 
thickness of the oil film is 1.5 mm.thickness of the oil film is 1.5 mm.

Manometers.Manometers.

                                                                                                                                                      
The right limb of a simple The right limb of a simple 
to the atmosphere while the left limb is connected to a pipe in which a to the atmosphere while the left limb is connected to a pipe in which a 
fluid of specific

tube manometer containing mercury is open tube manometer containing mercury is open 
to the atmosphere while the left limb is connected to a pipe in which a to the atmosphere while the left limb is connected to a pipe in which a 

0.9 is flowing. The centre of the pipe is 12 cm 0.9 is flowing. The centre of the pipe is 12 cm 
below the level of mercury in the right limb. Find the pressure of fluid in below the level of mercury in the right limb. Find the pressure of fluid in 
the pipe if the difference of mercury level in the two limbs is 20 cm.the pipe if the difference of mercury level in the two limbs is 20 cm.

expression for total pressure force and centre of pressure on a expression for total pressure force and centre of pressure on a 
vertical plane surface immersed in static fluid.vertical plane surface immersed in static fluid.

(i)  Total Pressure         (ii)  Centre of Pressure(i)  Total Pressure         (ii)  Centre of Pressure

                                                                                                                                            Module Module 

Steady and Unsteady Flow Steady and Unsteady Flow 
Uniform and NonUniform and Non-uniform Flow 
Laminar and Laminar and Turbulent FlowTurbulent Flow

-dimensional flow continuity equation in Cartesian dimensional flow continuity equation in Cartesian 

The velocity potential function is given by  The velocity potential function is given by  

full question from each module.full question from each module.

i) Weight Density       ii) Viscosity      iii) Compressibility     i) Weight Density       ii) Viscosity      iii) Compressibility     

lubrication between a shaft and lubrication between a shaft and 
sleeve is 6 poise. The diameter of the shaft is 0.4 m and rotates at 190 rpm. sleeve is 6 poise. The diameter of the shaft is 0.4 m and rotates at 190 rpm. 

ost in the bearing for a sleeve length of 90 mm. The ost in the bearing for a sleeve length of 90 mm. The 

OR
tube manometer containing mercury is open tube manometer containing mercury is open 

to the atmosphere while the left limb is connected to a pipe in which a to the atmosphere while the left limb is connected to a pipe in which a 
0.9 is flowing. The centre of the pipe is 12 cm 0.9 is flowing. The centre of the pipe is 12 cm 

below the level of mercury in the right limb. Find the pressure of fluid in below the level of mercury in the right limb. Find the pressure of fluid in 
the pipe if the difference of mercury level in the two limbs is 20 cm.the pipe if the difference of mercury level in the two limbs is 20 cm.

expression for total pressure force and centre of pressure on a expression for total pressure force and centre of pressure on a 
vertical plane surface immersed in static fluid.vertical plane surface immersed in static fluid.

Define the following terms:Define the following terms:
(i)  Total Pressure         (ii)  Centre of Pressure(i)  Total Pressure         (ii)  Centre of Pressure

                                                                                                                                            
Differentiate between :Differentiate between :

(i)
(ii)(ii)
(iii)

0.9 is flowing. The centre of the pipe is 12 cm 
below the level of mercury in the right limb. Find the pressure of fluid in below the level of mercury in the right limb. Find the pressure of fluid in 
the pipe if the difference of mercury level in the two limbs is 20 cm.the pipe if the difference of mercury level in the two limbs is 20 cm.

expression for total pressure force and centre of pressure on a expression for total pressure force and centre of pressure on a 

uniform Flow uniform Flow 
Turbulent Flow

dimensional flow continuity equation in Cartesian dimensional flow continuity equation in Cartesian 

The velocity potential function is given by  The velocity potential function is given by  
velocity components at the point  (4, 5).velocity components at the point  (4, 5).

                                                                                                                                                      
Derive the Hagen Poiseulle equation for laminar flow through a circular Derive the Hagen Poiseulle equation for laminar flow through a circular 

A crude oil of viscosity 0.9 poise and specific gravity 0.8 is flowing A crude oil of viscosity 0.9 poise and specific gravity 0.8 is flowing 
through a horizontal circular pipe of diameter 80 mm and of length 15 m. through a horizontal circular pipe of diameter 80 mm and of length 15 m. 
Calculate the difference of pressure at the two ends of the pipeCalculate the difference of pressure at the two ends of the pipe
oil is collected in a tank in 15 seconds. Also calculate the loss of pressure oil is collected in a tank in 15 seconds. Also calculate the loss of pressure 
head.
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                                                                      Module – 3  
Q.5 a. Derive the Euler’s equation of fluid motion and hence deduce Bernoulli’s 

equation.  
 

10 L3 CO3 

b. Derive an expression for discharge over a triangular notch. 
 

10 L3 CO3 

                                                                           OR 
Q.6 a. Mention any five minor energy loss with equations. 

 
05 L1 CO3 

b. Derive Darcy – Weisbach equation for determining loss of head due to 
friction. 
 

10 L3 CO3 

c. Water is flowing through a pipe of 100 mm diameter under a pressure of 
19.62 N/cm2  and with mean velocity of 3.0 m/s. Find the total head of the 
water at a cross section which is 8 m above the datum line. 
 

05 L3 CO3 

                                                                      Module – 4  
Q.7 a. Explain the following terms: 

i) Boundary layer thickness 
ii) Streamline body 
iii) Bluff body 
iv) Lift 
v) Drag
 

10 L2 CO4 

b. A flat plate 1.5 m  1.5 m moves at 50 km/hr in stationary air of density 
1.15 kg/m3 . The coefficient of drag and lift are 0.15 and 0.75 respectively. 
Compute :  (i) List force    (ii) Drag force   (iii) Resultant force                          
(iii) Power required to keep the plate in motion.
 

10 L3 CO4 

                                                                           OR 
Q.8 a. Explain the following terms: 

i) Reynold’s number 
ii) Froude’s number  
iii) Euler’s number  
iv) Weber’s number  
v) Mach’s number  
 

10 L2 CO4 

b. The efficiency of fan depends on density   , dynamic viscosity    of the 
fluid, angular velocity  ,  diameter D of the rotor and  the discharge Q. 
Express    in terms of dimensionless parameters.       
 

10 L3 CO4 

                                                                      Module – 5  
Q.9 a. Show that velocity of elastic wave propagation in an adiabatic medium is 

given by   kRTC . 
 

10 L3 CO5 

b. A projectile travels in air of pressure 10.1043 N/cm2 at 10 C at a speed of 
1500 km/hr. Find the Mach number and the Mach angle. Take K = 1.4  
and R = 287 J/kg K. 
 

10 L3 CO5 

                                                                           OR 
Q.10 a. Deduce an expression for velocity of sound wave in a fluid. 

 
10 L3 CO5 

b. Explain the necessity, applications and limitations of CFD. 
 

10 L2 CO5 

                                                                    * * * * *
                                                                 2 of 2 

Derive the Euler’s equation of fluid motion and hence deduce Bernoulli’s Derive the Euler’s equation of fluid motion and hence deduce Bernoulli’s 

Derive an expression for discharge over a triangular notch.Derive an expression for discharge over a triangular notch.

Mention any five minor energy loss with equations.Mention any five minor energy loss with equations.

Weisbach equation for determining loss of head due to Weisbach equation for determining loss of head due to 

Water is flowing through a pipe of 100 mm diameter Water is flowing through a pipe of 100 mm diameter 
and with mean velocity of 3.0 m/s. Find the total head of the and with mean velocity of 3.0 m/s. Find the total head of the 

water at a cross section which is 8 m above the datum line.water at a cross section which is 8 m above the datum line.

                                                                                                                                            
Explain the following terms:Explain the following terms:

Boundary layer thicknessBoundary layer thickness
Streamline bodyStreamline body
Bluff bodyBluff body

DragDrag

A flat plate 1.5 m 

Show that velocity of elastic wave propagation in an adiabatic medium is Show that velocity of elastic wave propagation in an adiabatic medium is 

1.5 m moves at 50 km/hr in stationary air of density 1.5 m moves at 50 km/hr in stationary air of density 
. The coefficient of drag and lift are 0.15 and 0.75 respectively. . The coefficient of drag and lift are 0.15 and 0.75 respectively. 

(ii) Drag force   (iii) Resultant force                          (ii) Drag force   (iii) Resultant force                          
(iii) Power required to keep the plate in motion.(iii) Power required to keep the plate in motion.

The efficiency of fan depends on density  The efficiency of fan depends on density  
fluid, angular velocity fluid, angular velocity ,  diameter D of the rotor and  the discharge Q. 

in terms of dimensionless parameters.      in terms of dimensionless parameters.      

                                                                                                                                            

kRT

Weisbach equation for determining loss of head due to Weisbach equation for determining loss of head due to 

under a pressure of under a pressure of 
and with mean velocity of 3.0 m/s. Find the total head of the and with mean velocity of 3.0 m/s. Find the total head of the 

water at a cross section which is 8 m above the datum line.water at a cross section which is 8 m above the datum line.

1.5 m moves at 50 km/hr in stationary air of density 1.5 m moves at 50 km/hr in stationary air of density 
. The coefficient of drag and lift are 0.15 and 0.75 respectively. . The coefficient of drag and lift are 0.15 and 0.75 respectively. 

Compute :  (i) List forceCompute :  (i) List force        
(iii) Power required to keep the plate in motion.(iii) Power required to keep the plate in motion.

                                                                                                                                                      
Explain the following terms:Explain the following terms:

Reynold’s numbernumber
Froude’s number Froude’s number 
Euler’s number Euler’s number 
WeberWeber’s’s
MachMach’s’s

The efficiency of fan depends on density  The efficiency of fan depends on density  
fluid, angular velocity fluid, angular velocity 
Express  Express  

Show that velocity of elastic wave propagation in an adiabatic medium is Show that velocity of elastic wave propagation in an adiabatic medium is 

1.5 m moves at 50 km/hr in stationary air of density 
. The coefficient of drag and lift are 0.15 and 0.75 respectively. . The coefficient of drag and lift are 0.15 and 0.75 respectively. 

(ii) Drag force   (iii) Resultant force                          (ii) Drag force   (iii) Resultant force                          

, dynamic viscosity  , dynamic viscosity  
,  diameter D of the rotor and  the discharge Q. ,  diameter D of the rotor and  the discharge Q. 

in terms of dimensionless parameters.      in terms of dimensionless parameters.      

Module Module 

A projectile travels in air of pressure 10.1043 N/cmA projectile travels in air of pressure 10.1043 N/cm
1500 km/hr. Find the Mach number and the Mach angle. Take K = 1.4  1500 km/hr. Find the Mach number and the Mach angle. Take K = 1.4  
and R = 287 J/kg K.and R = 287 J/kg K.

                                                                                                                                                      
Deduce an expression for velocity of sound wave in a fluid.Deduce an expression for velocity of sound wave in a fluid.

Explain the necessity, applications and limitations of CFD.Explain the necessity, applications and limitations of CFD.

                                                                                                                                      
                                                                                                                                  























































































 

              
            

Seventh Semester B.E./B.Tech. Degree Examination, June/July 2026 
Operations Research 

 
Time: 3 hrs.                                                                                                Max. Marks: 100 
 

Note: 1. Answer any FIVE full questions, choosing ONE full question from each module. 
                       2. M : Marks , L: Bloom’s level , C: Course outcomes.    

                  Module – 1 M L C 
Q.1 a. Define OR. Explain the different phases of OR. 10 L1 CO1 

b. A firm manufactures two types of products A and B and sells them at a 

profit of Rs.2 on any type A and Rs.3 on any type B. Each product is 

processed on two machines G and H. Type A requires 1 minute of 

processing time on G and two minutes on H. Type B requires 1 minute on 

G and one minute on H. The machine G is available for not more than 400 

minutes while machine H is available for 600 minutes during any working 

day. Formulate the problem as LPP. 

 

10 L3 CO1 

                                                                           OR 
Q.2 a. Explain the different applications of OR. 

 
10 L1 CO1 

b. Solve graphically the following LPP: 
Min Z = 10x1 + 4x2 
Subject to  3x1 + 2x2  60 
                 7x1 + 2x2  84 
                 3x1 + 6x2  72 
             and x1, x2  0 
 

10 L2 CO1

                                                                      Module – 2  
Q.3 a. Define slack, surplus and artificial variables.  

 
6 L1 CO2 

b. Solve the following LPP by simplex method  
Max Z = 3x1 + 2x2 
Subject to  x1 + x2  4 
                 x1 – x2  2 
          and  x1, x2  0 
 

14 L2 CO2 

                                                                           OR 
Q.4  Solve the following LPP by using Big-M method  

 
Max Z = -2x1 - x2 
Subject to  3x1 + x2 = 3, 
                 4x1 + 3x2  6 
                 x1 + 2x2  4   and  
                 x1, x2  0    
 

20 L2 CO2 

1 of 3  
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Answer any FIVE full questions, choosing Answer any FIVE full questions, choosing ONEONE
level , C: Course outcomlevel , C: Course outcom

Module Module –– 1
Define OR. Explain the different phases of OR.Define OR. Explain the different phases of OR.

A firm manufactures two types of products A and B and sells them at a A firm manufactures two types of products A and B and sells them at a 

profit of Rs.2 on any type A and Rs.3 on any type B. Each product is profit of Rs.2 on any type A and Rs.3 on any type B. Each product is 

processed on two machines G and H. Type A requires 1 minute of processed on two machines G and H. Type A requires 1 minute of 

processing time on G and two minutes on H. Type B requires 1 minute on processing time on G and two minutes on H. Type B requires 1 minute on 

G and one minute on H. The machine G is available for not more than 400 G and one minute on H. The machine G is available for not more than 400 

minutes while machine H is available for 600 minutminutes while machine H is available for 600 minut

day. Formulate the problem as LPP.day. Formulate the problem as LPP.

Solve the following LPP by simplex method Solve the following LPP by simplex method 
+ 2x+ 2x2

1 + x+ x22

–– xx22

                                                                                                                                            Module 
Define slack, surplus and artificial variables. Define slack, surplus and artificial variables. 

Solve the following LPP by simplex method Solve the following LPP by simplex method 

full question from each module.full question from each module.

A firm manufactures two types of products A and B and sells them at a A firm manufactures two types of products A and B and sells them at a 

profit of Rs.2 on any type A and Rs.3 on any type B. Each product is profit of Rs.2 on any type A and Rs.3 on any type B. Each product is 

processed on two machines G and H. Type A requires 1 minute of processed on two machines G and H. Type A requires 1 minute of 

processing time on G and two minutes on H. Type B requires 1 minute on processing time on G and two minutes on H. Type B requires 1 minute on 

G and one minute on H. The machine G is available for not more than 400 G and one minute on H. The machine G is available for not more than 400 

minutes while machine H is available for 600 minutminutes while machine H is available for 600 minut

day. Formulate the problem as LPP.day. Formulate the problem as LPP.

                                                                           OR
Explain the different applications of OR.Explain the different applications of OR.

Solve graphically the following LSolve graphically the following L
22

+ 2x+ 2x22

1 + 2x+ 2x22

3x3x1 + 6x+ 6x
aand xnd x11, x, x

                                                                                                                                            
Define slack, surplus and artificial variables. Define slack, surplus and artificial variables. 

Solve the following LPP by simplex method Solve the following LPP by simplex method 

Define slack, surplus and artificial variables. Define slack, surplus and artificial variables. 

                                                                                                                                                      
Solve the following LPP by using BigSolve the following LPP by using Big

xx22

Subject to  3x1 + x+ x22 = 3,= 3,
4x4x1 + 3x+ 3x

                                  xx11 + 2x+ 2x
                 xx11



21ME753 
 

                                                                      Module – 3  
Q.5 a. Define Transportation problem.  

 
 

2 L1 CO3 

b. Determine the optimum solution to the following transportation problem. 
 

 D1 D2 D3 D4 Available 
O1 1 3 1 4 30 
O2 3 3 2 1 50 
O3 4 2 5 9 20 

Required 20 40 30 10  
 
 
 

18 L2 CO3 

                                                                           OR 
Q.6 a. Differentiate between Transportation and Assignment problem.  

 

8 L1 CO3 

b. Solve the following assignment problem : 

 1 2 3 4 
I 2 3 4 5 
II 4 5 6 7 
III 7 8 9 8 
IV 3 5 8 4 

 
 
 

12 L2 CO3 

                                                                      Module – 4  
Q.7 a. Define : 

i) Activity  
ii) Event  
iii) Total float 
iv) Free float  
 
 

8 L1 CO4 

b. A project has the following time schedule : 
 

Activity 1-2 1-3 1-4 2-5 3-6 3-7 
Duration 2 2 1 4 8 5 

 
Activity 4-6 5-8 6-9 7-8 8-9 
Duration 3 1 5 4 3 

 
Construct the network and compute  
i) Total float for each activity  
ii) Critical path and its duration  
 
 

12 L3 CO4 

2 of 3 

Determine the optimum solution to the following transportation Determine the optimum solution to the following transportation 

DD44 AvailableAvailable
44

2 11
55

4040 3030

                                                                                                                                                      
ransportation and ransportation and 

Solve the following assignment problem :Solve the following assignment problem :

A project has the following time schedule :A project has the following time schedule :

ActivityActivity
DurationDuration

4 

A project has the following time schedule :A project has the following time schedule :

ssignment problem. ssignment problem. 

3 44
3 44

44 55
77 88

IV 3

                                                                      

Total floatTotal float
Free float Free float 

-4 22
11

66 55--88
3

Construct the network and compute Construct the network and compute 
Total float for each activity Total float for each activity 
Critical path and its duration Critical path and its duration 



21ME753 
 

                                                                           OR 
Q.8 a. Explain the characteristics of queuing model. 

 
 

8 L2 CO4 

b. In a hair dress saloon with one barber, the customer arrival follows poison 
distribution at an average rate of one every 45 minutes the service time is 
exponentially distributed with a mean of 30 minutes 
Find: 
i) Average number of customers in saloon 
ii) Average waiting time of customer before service 
iii) Average idle time of barber 
iv) Probability that the customer has to wait for service 
v) Average number of customer in que  
 
 

12 L3 CO4 

                                                                      Module – 5  
Q.9 a. Define: 

i) Two person zero sum game  
ii) Fair game 
iii) Saddle point 
iv) Value of game  
 
 

8 L1 CO5 

b. Solve graphically the following game whose pay off matrix for the player 
‘A’ is  

 B 
 I II 

A 

I 2 4 
II 2 3 
III 3 2 
IV -2 6 

 

 

12 L3 CO5 

                                                                           OR 
Q.10 a. Define sequencing problem. What are the assumption made while solving 

sequencing problem.  
 
 

8 L1 CO5

b. There are five jobs each of which must go through machines A and B in the 
order AB. Processing times are given below: 
 

 Processing time in hours 
Job 1 2 3 4 5 

Time for A 5 1 9 3 10 
Time for B 2 6 7 8 4 

 
Determine total elapsed time and idle time for the machines.  
 
 

12 L3 CO5 

* * * * * 
 
 

3 of 3 

r, the customer arrival follows poison r, the customer arrival follows poison 
distribution at an average rate of one every 45 minutes the service time is distribution at an average rate of one every 45 minutes the service time is 
exponentially distributed with a mean of 30 minutesexponentially distributed with a mean of 30 minutes

Average number of customers in saloonAverage number of customers in saloon
ime of customer before serviceime of customer before service

Probability that the customer has to wait for serviceProbability that the customer has to wait for service
Average number of customer in que Average number of customer in que 

                                                                                                                                            

Two person zero sum game Two person zero sum game 
Fair game
Saddle pointSaddle point
Value of game Value of game 

Solve graphically the following game whose pay off matrix for the player 

There are five jobs each of which must go through machines A There are five jobs each of which must go through machines A 
order AB. Processing times are given below:order AB. Processing times are given below:

Solve graphically the following game whose pay off matrix for the player Solve graphically the following game whose pay off matrix for the player 

44
2 33
33 22

IVIV --22

                                                                                                                                                      OR
Define sequencing problem. What are the assumption made while solving Define sequencing problem. What are the assumption made while solving 

Solve graphically the following game whose pay off matrix for the player Solve graphically the following game whose pay off matrix for the player 

                                                                                                                                                      
Define sequencing problem. What are the assumption made while solving Define sequencing problem. What are the assumption made while solving 
sequencing problem. sequencing problem. 

There are five jobs each of which must go through machines A There are five jobs each of which must go through machines A 
order AB. Processing times are given below:order AB. Processing times are given below:

Processing time in hoursProcessing time in hours
JobJob

Time for ATime for A

Define sequencing problem. What are the assumption made while solving Define sequencing problem. What are the assumption made while solving 

Time for BTime for B

Determine total elapsed time and idle time for the machines. Determine total elapsed time and idle time for the machines. 
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          Note: 1. Answer any FIVE full questions, choosing ONE full question from each module. 
                               2. M : Marks , L: Bloom’s level , C: Course outcomes.    
                               
 

                  
                           Module – 1 

M L C 

Q.1 a. Explain open loop and closed loop control system, with two examples for 
each. 
 

10 L2 CO1 

b. What are the requirements of a control system? Briefly explain.  
 

5 L1 CO1 

c. Draw the block diagram of proportional plus integral controller and 
explain. 
 

5 L2 CO1 

OR 
 

Q.2 a. Determine the transfer function of mechanical system show in Fig.Q2(a). 

 
Fig.Q2(a) 

 

15 L3 CO1 

b. Explain with block diagram on proportional plus derivative controller. 
 

5 L2 CO1 

Module – 2 

Q.3 a. Explain with block diagram, series and feedback compensation.  
 

6 L2 CO3 

b. Reduce the block diagram shown in Fig.Q3(a) to its simplest possible form 
and find its closed loop transfer function. 

Fig.Q3(b) 

14 L3 CO3 

1 of 3 

USN 
          BME703  

Degree Examination, Degree Examination, 
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Answer any FIVE full questions, choosing Answer any FIVE full questions, choosing ONE
level , C: Course outcomes.   level , C: Course outcomes.   

                                  
                                                      Module Module 

Explain open loop and closed loop control system, with two examples for Explain open loop and closed loop control system, with two examples for 

What are the requirements of a control system? Briefly explain. What are the requirements of a control system? Briefly explain. 

Draw the block diagram of proportional plus integral controller and Draw the block diagram of proportional plus integral controller and 

Determine the transfer function of mechanical system show in Fig.Q2(a).Determine the transfer function of mechanical system show in Fig.Q2(a).

Explain with Explain with blockblock

Determine the transfer function of mechanical system show in Fig.Q2(a).Determine the transfer function of mechanical system show in Fig.Q2(a).

Fig.Q2(a)Fig.Q2(a)

Explain with block diagram on proportional plus derivative controller. Explain with block diagram on proportional plus derivative controller. 

full question from each module.full question from each module.

Explain open loop and closed loop control system, with two examples for Explain open loop and closed loop control system, with two examples for 

What are the requirements of a control system? Briefly explain. What are the requirements of a control system? Briefly explain. 

Draw the block diagram of proportional plus integral controller and Draw the block diagram of proportional plus integral controller and 

OROR

Determine the transfer function of mechanical system show in Fig.Q2(a).Determine the transfer function of mechanical system show in Fig.Q2(a).

Explain with block diagram on proportional plus derivative controller. Explain with block diagram on proportional plus derivative controller. Explain with block diagram on proportional plus derivative controller. Explain with block diagram on proportional plus derivative controller. 

Module Module 

seriesseries and feedback compensation. and feedback compensation. 

Reduce the block diagram shown in Fig.Q3(a) to its simplest possible form Reduce the block diagram shown in Fig.Q3(a) to its simplest possible form 
and find its closed loop transfer function.and find its closed loop transfer function.



BME703 

 
OR 

 
Q.4 a. Explain : 

i)  Lead compensator  
ii) Lag compensator. 
 

6 L2 CO3 

b. Find the transfer function by using Mason’s gain formula for the signal 
flow graph shown in the Fig.Q4(b). 
 

 
Fig.Q4(b) 

 

14 L3 CO3 

                                                                    

Module – 3 

Q.5 a. Define : 
i)  Delay time 
ii)  Rise time 
iii) Peak time 
iv)  Maximum overshoot. 
  

8 L1 CO2 

b. Derive an expression for time response of first order system subjected to  
i)  Step input  
ii)  Ramp input. 
 
 

12 L3 CO2

OR 
 

Q.6 a. Obtain an expression for time response of the second order mechanical 
system subjected to unit step input for under damped case. Also show the 
response curve.  
 

12 L2 CO2 

b. A unity feedback system is characterised by open loop transfer function : 

6s2s

10
)s(G

2
 

Determine the following when the system subjected to unit step input  
i)  Damping ratio  
ii) Undamped natural frequency  
iii)  Peak overshoot  
iv)  Peak time. 
 

8 L4 CO2 

                                                                      
2 of 3 

Find the transfer function by using Mason’s gain formula for the signal Find the transfer function by using Mason’s gain formula for the signal 

                                                                                                                                        

Derive an expression for time response of first order system subjected to Derive an expression for time response of first order system subjected to 

Obtain an expression for time response of the second order mechanical Obtain an expression for time response of the second order mechanical 
system subjected to unit step input for under damped case. Also show the system subjected to unit step input for under damped case. Also show the 
response curve. response curve. 

Find the transfer function by using Mason’s gain formula for the signal Find the transfer function by using Mason’s gain formula for the signal 

Fig.Q4(b)Fig.Q4(b)

Module Module 

overshovershoo

Derive an expression for time response of first order system subjected to Derive an expression for time response of first order system subjected to 
Step input Step input 
Ramp input.Ramp input.

Derive an expression for time response of first order system subjected to Derive an expression for time response of first order system subjected to 

OROR

Obtain an expression for time response of the second order mechanical Obtain an expression for time response of the second order mechanical 
system subjected to unit step input for under damped case. Also show the system subjected to unit step input for under damped case. Also show the 

unity feedback system is characterisunity feedback system is characteris

Determine the following when the system subjected to unit step input Determine the following when the system subjected to unit step input 
Damping ratio Damping ratio 
Undamped natural frequency Undamped natural frequency 
Peak overshoot Peak overshoot 
Peak time.Peak time.
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Module – 4 

Q.7 a. Analyze the stability of the system given by characteristics equation : 
 

S6 + 3s5 + 5s4 + 9s3 + 8s2 + 6s + 4 = 0 
 

By Routh-Hurwitz criterion. 
 

8 L5 CO4 

b. Sketch the root locus plot for the system with OLTF. 
 

)2s)(1s(s

)3s(K
)s(H)s(G . 

 
 

12 L4 CO4 

 
OR 

 
Q.8  Sketch the root locus plot for the system with OLTF  

 

)6s)(4s)(2s(s

K
)s(H)s(G  

 
Also find the range of ‘K’ for which the system is stable.  
 

20 L5 CO4 

                                                                    

Module – 5 

Q.9 a. Explain Nyquist stability criteria and list the advantages of Nyquist plot  
 

6 L2 CO4 

b. Comment on stability of the system using Nyquist stability criterion whose 
open loop transfer function is given by : 
 

 
)10s)(2s(s

K
)s(H)s(G . 

 
 

14 L3 CO4 

 
OR 

 
Q.10 Sketch the Bode plot for the system with  

 

)s2.01)(1s(s

2
)s(H)s(G  

 
Also obtain gain margin and phase margin and crossover frequencies.
 
 

20 L5 CO4

* * * * * 
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Analyze the stability of the system given by characteristics equation :Analyze the stability of the system given by characteristics equation :

locus plot for the system with locus plot for the system with OOLTF.LTF.

Sketch the root locus plot for the system with OLTF Sketch the root locus plot for the system with OLTF 

2ss((ss

Also find the range of ‘K’ for which the system is stable. Also find the range of ‘K’ for which the system is stable. 

Sketch the Bode plot for the system with Sketch the Bode plot for the system with 

Comment on stability of the system using Nyquist stability criterion whose Comment on stability of the system using Nyquist stability criterion whose 
open loop transfer function is given by open loop transfer function is given by :

))

Also find the range of ‘K’ for which the system is stable. Also find the range of ‘K’ for which the system is stable. 

– 55

Explain Nyquist stability criteria and list Explain Nyquist stability criteria and list thethe advantages advantages 

1010
..

Comment on stability of the system using Nyquist stability criterion whose Comment on stability of the system using Nyquist stability criterion whose 
open loop transfer function is given by open loop transfer function is given by 

Sketch the root locus plot for the system with OLTF Sketch the root locus plot for the system with OLTF 

Also find the range of ‘K’ for which the system is stable. Also find the range of ‘K’ for which the system is stable. 

                                                                                                                                        

Explain Nyquist stability criteria and list Explain Nyquist stability criteria and list 

)s((H)

Sketch the Bode plot for the system with Sketch the Bode plot for the system with 

))

Comment on stability of the system using Nyquist stability criterion whose Comment on stability of the system using Nyquist stability criterion whose 

Nyquist plot Nyquist plot 

OROR

s2.0

obtain gain margin and phase margin and crossover frequencies.obtain gain margin and phase margin and crossover frequencies.










