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Instruction: Answer all questions. Show all steps of calculations and derivcations. 
Make suitable assumptions wherever necessary and state them. 

Q.l (a) Determine the frequencies and mode shapes for n=3 for the free vibration of a two 
degree-of-freedom system as show!l.in Fig. I. 
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Fig. 1 

(b) Proof the orthogonal properties of the eigenvectors. Consider'the above problem 
and establish the orthogonal conditions for stiffness and mass matrices. 
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Q.2 Two identical pendulums of length (I) and mass (m) are connected by a spring of spring 
constant k. If pendulum one is given an initial rotation of 80 then calculate the response of 
the system. Explain the beat phenomenon considering the above response problem. 
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Q.3 A vibration isolation system with mass (m2) and stiffness (k2) is attached to a primary 
system of mass (m1) and stiffness (k1). The 'primary system is subjected .to a dynamic 
force F 0sin( cot). Calculate the response of the primary and the isolation systems. Explain,. 
the situation of zero amplitude of oscillation of the primary system. 
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Q.4 Calculate the response of the following system using modal approach with the numerical 
values given bellow 

m1 = 9 kg, m2 = 1 kg, k1 = 24 N/m and kz = 3 N/m F1= 0 and Fz=3sin(5t) 
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Q.5 Derive beam vibration equation for Euler-Bernoulli's beams. Derive ftequency equations 
of a beam with clamped-clamped and free-free conditions and show that the frequency 
equations are coming out to be same. Derive also mode shape equations for the above 
two· cases and draw first two mode shapes for the above beams. 
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Q.6 Write notes.,on (any two) 
a) Rayleigh-Ritz Method 
b) Lagrange Method 
c) Rayleigh's Quotient for discrete and continuovs beam systems 
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OR 

(a) Discuss about various coordinate coupling for a dynamic system. 
(b) Derive the equilibrium equation of the following system (Fig. 2) and explain the type 
of co-ordinate coupling present in the system. 
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Fig. 2 
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