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1.   

 

i. If the characteristic roots have zero imaginary part for an SDOF system, the response of 

the system will be 

a) oscillatory b) non-oscillatory c) steady d) Periodic 

ii. The force at point ‘i’ due to a unit displacement at point ‘j’, when all the points other than 

the point ‘j’ are fixed, is known as __________________influence coefficient           

 

iii. The stiffness matrix of an unstable system is __________________________ (Positive 

definite/ Semi-definite / Negative definite)         

iv. The stiffness matrix of the system shown in Question No. 8  is __________________ 

(Positive definite/ Semi-definite / Negative definite)  

v. An automobile having a mass of 2,000 kg deflects its suspension springs 0.02 m under 

static conditions. The natural frequency of the automobile is _____________________ 

 

(05 Marks) 

2. The needle indicator of an electronic instrument is connected to a torsional viscous damper 

and a torsional spring. If the rotary inertia of the needle indicator about its pivot point is 25 

kg-m
2
 and the spring constant of the torsional spring is 100 N-m/rad, determine the damping 

constant of the torsional damper if the instrument is to be critically damped. 

(05 Marks) 

 

3. Show that the determination of  fundamental natural frequency of an MDOF system using 

Rayleigh’s method results only in second-order errors even if the assumed mode of vibration 

contains first-order errors              (10 Marks) 

 

 

4. A uniform shaft of length l and torsional stiffness GJ is connected at both ends by torsional 

      springs, torsional dampers, and discs with inertias, as shown in Fig. State the boundary 

conditions.  

 
      (10 Marks) 

 

5. Write down the equations for kinetic and potential energy for the system shown in the figure 

below(Assume c1 =c2=0)  

 

             (10 Marks) 



 
6. The wing of a fighter aircraft, carrying a missile at its tip, as shown in Fig., can be 

approximated as an equivalent cantilever beam with 
9 215 10EI X N m    about the vertical 

axis and length l=10m. If the equivalent mass of the wing, including the mass of the missile 

and its carriage system, at the tip of the wing is m=2500kg, determine the vibration response 

of the wing (of m) due to the release of the missile. Assume that the force on the tip due to 

the release of the missile can be approximated as an impulse function of magnitude F = 50 N-

s. The mass of the missile is negligible. (Hint: The system can be modelled as an SDOF 

system; The tip deflection of a cantilever beam can be expressed as 
3

max 3
Wl
EI

   )       

                  (10 Marks) 

 
7. Derive an expression for finding the longitudinal vibration response of a bar using 

Lagrangian approach.                                                                                          (10 Marks) 

8. The CO2 molecule can be likened to a system made up of a central mass m2 connected by 

equal springs of spring constant k to two masses m1 and m3 as shown in the Fig. Write down 

the equations of motion for the above system 

.                                                                                                   (10 Marks) 

 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Solutions:  

 

1 i. Non- oscillatory  

ii. Stiffness influence coefficient 

iii. Negative definite 

iv. Semi-definite 

v. 22.14rad/s 
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3 Ref: Page 659 SS Rao (Edition 6) 
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