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INSTRUCTIONS TO CANDIDATES 

1. SECTION-A ls COMPULSORY consisting of TEN questions carrying TWO marks 

each. 
SECTION-B contains FIVE questions carrying FIVE marks each and students 

have to attempt any FOUR questions. 

3. SECTION-C contains THREE questions carrying TEN marks each and students 

have to attempt any TWO questions. 

2. 

SECTION-A 

1. Write briefly: 

a) If the motion ofa particle is represented by x = 5sin(27tt) determine its acceleration at 

time, t= 0.1s. 

b) The analog to digital converter on a microcontroller can take data samples at a 

frequency of 220 kHz. Calculate the number of samples (2k) that will be recorded for 
each cycle of the 5" harmonic ofa 100 Hz periodic signal. 

c) Given X =Ssin(2t) and xg = 4sin (2t +m/4); Determine analytically the phase-angle 

of the resultant, xR with the first SHM x1 

d) The barrel of an artillery gun weighs 50kg. Upon firing, it recoils by 5cm against a 

recoil spring having stiffness of 10kN/m. Determine the critical damping coefficient 
for the system. 

e)The undamped natural frequency of a 1DoF spring-mass system is 100 Hz. What 
should be the damping factor, so that the frequency of damped free vibrations of this 
system drops to 80 Hz. 

fA IDoF system comprises of a 10kg mass, attached to a support through a parallel 
combination of a spring of stiffness 1000 N/m along with viscous dashpot whose 
damping coefficient equals 100 N/m/s. Determine the damping ratio. 
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g)A displacement measuring instrument having natural frequency of 10 Hz indicates o 

relative amplitude of 0.Smm, when placed on a machine vibrating at 200 Hz 
Neglecting damping in the instrument, determine the true amplitude of vibrations. 

a 

h) For a system exhibiting a damping ratio of 0,2, determine the logarithmic decrement 
under free vibrations. 

i)What do you understand by Maxwell's Reciprocal Theorem? 

)The rotor of a machine weighs 250g and is mounted midway on a thin vertical shaft 
having stiffness of 8000 N/m. LDetermine the critical speed for the system. 

SECTION-B 

A mass, m = 2 kg is suspended from a spring of stiffiness, k =200 N/m, in parallel with a 
viscous dashpot, having damping coefficient, c - 4 N'm/s. Determine the time period of 

damped free oscillations for this system. Also determine the residual amplitude (X3) of 
free damped oscillations after three cycles, if fee mass is released after giving an initial 

displacement, Xo = 100mm. 

2 

The suspension of a vehicle weighing 2000 kg undergoes a static deflection of 98mm 
under its own weight. If the viscous dashpots provide a damping factor factor of 1.5, 
determine the steady state amplitude of damped vibrations of the vehicle, while the 

engine produces an unbalanced force given by (in Newtons) F-500sin (100t). Take 

g=9.8 m/s. 

3. 

Determine the absolute amplitude of steady-state oscillations of the vehicle in Q3 above, 
if it rolls down a slope (with engine being off) at a velocity of 20m/s, while the road 

profile follows a sinoso idal contour having amplitude of 0.Im and wavelength of 1 Om. 

A 

5. Determine the flexible influence coefficients (a) for the system shown in figure and put 
them in matrix formn. 

State and prove Maxwell's reciprocal theorem. 6. 
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SECTION - C 

7. The rotor of the electric motor of a mixer-grinder weighs 500g and is mounted miawa on a thin vertical steel shaft (E-200 GPa), whose diameter is 8mm and length is between the bearings. The radial clearance between the rotor and the stator . while the rotor's cg if offset by 3mm from the shaft axis. Neglecting damping, determine the maximum safe operating speed of the motor, so that the rotor runs CIear Ol u a 
8. Determine the harmonics of the square-wave function given by: 

f(t)= 2 for 0<t< 0.5 and f(t)=-2 for 0.5 <t< 10. 

he barrel of an artillery gun weighs 300kg. When it fires a shell of mass 3 kg with an 

Initial velocily of 800 m/s, the barrel recoils by 0.3m against a recoil spring. A dashpot 

engages at the aid of the recoil stroke, which provides a damping factor of 1.2. 

Neglecting spring preload, determine the time taken from the instance of firing the shell, 
in which the barrel will return back to within 2mm of its equilibrium position. 

9. 
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