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Theory of Vibration - 18AE56 

Old VTU Question’s Answers 

Module – 4 

Syllabus: 

Systems with Two Degrees of Freedom: Introduction, principle modes and Normal modes of vibration, 

coordinate coupling, generalized and principal co-ordinates, free vibration in terms of initial conditions. 

Geared systems. Forced Oscillations-Harmonic excitation. Applications: Vehicle suspension, Dynamic 

vibration absorber and Dynamics of reciprocating Engines. 

Continuous Systems: Introduction, vibration of string, longitudinal vibration of rods, Torsional vibration 

of rods, Euler’s equation for beams. 

 

Part – A Questions 

1. Briefly explain principal modes and normal modes of vibration. 

 

2. For the system shown in below fig. Determine: 

(i) Equations of motion 

(ii) Natural frequencies of the system 

(iii) Modal vectors 

(iv) Draw mode shapes 

Take m1 = m2 = m; K1 = K2 = K3 = K 

Or 

For the system shown in below fig. i) Derive the equation of motion ii) Set up frequency equal and obtain 

natural frequencies of the system. 
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3. Below fig. shows a spring mass system. Determine 

(i) Equation of motion 

(ii) Frequency equation and natural frequencies of the system 

(iii) Modal vector and mode shapes 
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4. Below fig shows spring mass system. If the mass m1 is displaced 20 mm from its static equilibrium 

position and released, determine the resulting displacements x (t) 1 and x (t) 2 of the masses. 
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5. Below fig. shows a system subjected to vibration. Find an expression for the natural frequency. 
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6. Determine the differential equation, natural frequency and the amplitude ratio of the system shown 

in below fig. 
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7. Determine the natural frequency of the system shown in below fig 

 
or 

Determine the natural frequencies of the system shown in below fig 

K1 = 40 kN/m 

K2 = 50 kN/m 

K3 = 60 kN/m 

m1 = 10 kg 

m2 = 12 kg 

r1 = 0.1m 

r2 = 0.11m. 
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8. For the system shown in below fig. find the natural frequencies and amplitude ratios. Given 

m1 = 10 kg, m2 = 15 kg, K = 320 N/m. 
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9. Determine the frequency equation and the general solution of the two degrees of freedom torsional 

system shown in below fig. 
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10. Prove the angular displacements of the two rotors are inversely proportional to their inertias. 
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11. Design a dynamic vibration absorber and show that in order to reduce the amplitude of main system, 

exciting force must be equal to spring force of absorber system. 

or 

With help of suitable sketches illustrate the working of: (i) the Dynamic Vibration Absorber and (ii) 

Dynamics of reciprocating engines. 
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Dynamics of reciprocating engines 

 Effect of static and kinetic forces of reciprocating parts 

 Static forces arise due to weight of reciprocating parts as well as due to variation of fluid pressure on 

account of expansion or compression. (I.C engines) 

 Due to reciprocating or to and fro motion, each member is subjected to varying acceleration at its 

different positions. This leads to varying kinetic forces from instant to instant. 

 The above variation of fluid pressure and kinetic forces for every position of crank leads to non-

uniform development of torque and work. This necessitates use of flywheel in reciprocating engines 

to limit fluctuation of speed. 
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Part – B Questions 

1. Determine an expression for the general solution for lateral vibration of string. 

2. Derive one dimensional wave equation for lateral vibration of a string. 

3. Derive one dimensional wave equation for critical vibration of a string. 

4. Derive the general solution for vibration a string 

5. Determine an expression for the free longitudinal vibration of a uniform bar of length l, one end of which 

is fixed and the other end is free. 

6. Derive the governing differential equation for transverse vibration of a beam. 

7. Derive an expression for torsional vibration of a uniform shaft. 

8. Derive the frequency equation of longitudinal vibrations for a free-free beam with zero initial displacement. 

9. Derive an expression for the free longitudinal vibration of a uniform bar of length “L’ which is free-free. 

10. Find the frequency and normal modes of transverse vibration of a simply supported beam of length L. 

11. A bar of length l fixed at one end is pulled at the other end with a force P. The force is suddenly released. 

Investigate the vibration of the bar. 

12. Derive 1D wave equation for torsional vibrations of a uniform shaft 

 

 


