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   CO BL 
Q.1(a) Define degrees of freedom (DOF) of a system.  [2] 1 K2 

Q.1(b) 
Prove that for an un-damped free vibration, the total energy of the system remains 
conserved. Consider initial displacement as 𝑥଴ and initial velocity as 𝑥଴̇. 

[3] 1 K2,K3 

     
     

Q.2(a) Calculate the critical damping of a SDOF system with mass m = 10 kg and stiffness K 
= 180 N/m. 

[2] 1 K3,K4 

Q.2(b) 

Determine the expression of time-dependent displacement of critically damped 
SDOF system with initial displacement of 𝑥଴ and initial velocity 𝑥଴̇ . The generic is 
given as 𝑥(𝑡) = (𝐶଴ + 𝐶ଵ 𝑡)𝑒ିఠ௧ where 𝜔 is the natural frequency of the system. Plot 
the displacement vs time graph for the same. 

[3] 1 K2,K3 

     
     

Q.3(a) 
Draw the variation of the ratio of natural time-period to damped time- period 
(𝑇/𝑇஽) of an under-damped SDOF system with the damping ratio 𝜁. 

[2] 1 K2,K3 

Q.3(b) 
The amplitude of free vibration of an under-damped SDOF system is reduced by 50% 
after 12 oscillations. Determine the damping ratio 𝜁. 

[3] 2 K4 

     
     

Q.4(a) 

The steady state displacement of under-damped SDOF system under harmonic 
excitation 𝑃଴ 𝑆𝑖𝑛(𝜔௥𝑡) is given by 

𝑥(𝑡) =
𝑃଴

𝐾 
 

1

[(1 − 𝑟ଶ)ଶ + (2𝑟𝜁)ଶ]଴.ହ
𝑆𝑖𝑛(𝜔௥𝑡 − 𝜙) 

Prove that the resonance frequency for displacement of the system is 𝜔௥ =
𝜔௡(1 − 2𝜁ଶ)଴.ହ, where 𝜔௡ and 𝜁 are the natural frequency and damping coefficient 
of the system respectively. 𝑟 = 𝜔௥/𝜔௡ 

[2] 2 K3,K4 

Q.4(b) Determine the value of dynamic magnification factor 𝑅஽ for the above system at 
resonance. 

[3] 2 K4 

     
     

Q.5(a) 
Draw the variation of dynamic magnification factor (𝑅ௗ = |

௫(௧)

୼ೞ೟
|) with the frequency 

ratio (𝑟 = 𝜔௥/𝜔௡) for an under-damped SDOF system subjected to harmonic 
excitation. 

[2] 2 K3 

Q.5(b) 
Describe the half-power band width method for the determination of the damping 
coefficient of an under-damped SDOF system. [3] 2 K2,K3 
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