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' & Mechanical Vibrations

GATE AE - 2007

One Mark Questions.
A spring-mass-damper system with a mass of

1kg is found to have a damping ratio of 0.2 and
a natural frequency of 5 rad/s. The damping of
the system is given by

(A) 2Ns/m (C) 0.2kg/s

(B) 2N/s (D) 0.2N/s

The number of natural frequencies of an elastic
beam with cantilever boundary conditions is
A 1 (C) 1000
(B) 3 (D) Infinite

Two Marks Questions.
A 1kg mass attached to a spring elongates it by
16 mm. The mass is then pulled from its
equilibrium position by 10 mm and released
from rest. Assuming the acceleration due to
gravity of 9.81 m/s?, the response of the mass
in mm is given by
(A) x=10sin24.76t () x=sinl6t
(B) x=10cos24.76t (D) x=10cos16t

A spring-mass-damper system is excited by a
force F, sin wt. The amplitude at resonance is
measured to be 1 cm. At half the resonant
frequency, the amplitude is 0.5 cm. The
damping ratio of the system is

(A) 0.1026 () o0.7211

(B) 0.3242 (D) 0.1936

Common Data for Questions 5 and 6:

Consider the spring mass system shown in the
figure below. This system has two degrees of
freedom representing the motions of the two

masses.

X; X2
k k k
MWW WA o WA
The system shows the following type of
coordinate coupling
(A) static coupling
(B) dynamic coupling

(C) static and dynamic coupling

(D) no coupling

The two natural frequencies of the system are

given as
4++5k 447k
(Aa) T © —
m 3 m
4++3k 4+11k
®) |5 () =
m 3 m

GATE AE - 2008

One Mark Questions.

In a spring-mass-damper single degree of
freedom system, the mass is 2 kg and the
undamped natural frequency is 20 Hz. The
critical damping constant of the system is

(A) 160mN.s/m () 1N.s/m

(B) 80mN.s/m (D) ON.s/m
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8.

10.

11.

Two Marks Questions.
An engineer is asked to test a system which can
be idealized as SDOF (single degree of
freedom) with viscous damping. A frequency
response test was conducted and it is found
that the quality factor Q is equal to 10. What
will be the logarithmic decrement if a free
vibration test is performed?

(A) m/40 (€) m/10

(B) m/20 (D) w/5

The equation of motion of a uniform slender

beam of length L in flexural vibration is given

a*w %w .
as EI oy + pAﬁ = 0, where El is the flexural

rigidity, w is the lateral displacement and pA is
the mass per unit length. The beam is simply
supported at the two ends x =0 and x = L.
Assuming the mode shape in fundamental

mode to be sin (?), the natural frequency in

fundamental mode is

} El ’ El
(A) 0.5 pAL4T[2 (C)Z an
I

Tié (D) 4 5 m?
pAL*

GATE AE - 2009

One Mark Questions.

For a critically damped single degree of
freedom spring - mass - damper system with a
damping constant ¢ of 4 Ns/m and spring
constant k of 16 N/m, the system mass m is
(A) 0.5kg (©) 2kg
(B) 0.25kg (D) 4kg

Two Marks Questions.
For the spring-mass system shown below, the
natural frequencies are

k
AMAA
my VWVv m;

/ / / / / /

12.

k +
(A) 0and Rt m2)
m;m,
k +
(B) 0and |1t m2)
2m;m,

(C) 0and (m, +my)

(D) 0 and

i

2(m; + m,)

A uniform rigid bar of mass m = 1kg and
length L = 1m is pivoted at A. It is supported by
a spring of stiffness k = 1N/m and a viscous
damper of damping constant C = 1N-s/m with
a = 1/4/3m as shown below. The moment of

inertia of the rigid bar is 1, = mL?/3.
yA ya yA VA VA /

1\
g[ —>
a

X L

R |
Kk C

A
VVWVy

v

The system is

(A) overdamped

(B) underdamped with natural frequency
w, = 1rad/s

(C) critically damped

(D) underdamped with natural frequency

w, = 2rad/s

Common Data for Questions 13 and 14
The partial differential equation for the
torsional vibration of a shaft of length L,

torsional rigidity GJ, and mass polar moment of

inertia per unit length I, is 162—9 = G]ﬁ where
! at2 ax2’

0 is the twist

If the shaft is fixed at both ends, the boundary
conditions are:

08

=0and — =0
x=0 ox x=L

00
A) F™

(B)8(0) =0andB(L) =0
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14.

15.

16.

=0and6L =0
x=0

00
© P

(D)6(0) = 0 and %

0x =0

x=L

If the n mode shape of torsional vibration of

the above shaft is sin (n—:X) then the nth natural

frequency of vibration i.e., w,, is given by

Wwy =1 |2

_(@n+Dm |G
(B) o = 5 ﬁ
_nm [G]

(C) Wy = Z\/;
_(@n+Dm |G
(D) Wy = L \/;

GATE AE - 2010

Two Marks Questions. 19.

During an under-damped oscillation of a single
degree of freedom system, in the time-
displacement plot the third peak is of
magnitude 100 and the tenth peak is of
magnitude 10. The damping ratio (¢ is
approximately:
(A) 0.052

(B) 0.023

GATE AE - 2011

One Mark Questions.
Consider a single degree of freedom spring-

(C) 0.366
(D) 0.159

20.

mass-damper system with mass, damping and
stiffness of m, c¢ and k, respectively. The
logarithmic decrement of this system can be
calculated using
) 21c © 21c
Vamk — c2
iC 2T

(B) V4mk — c? D) vmk — 4c?

17.

18.

Vmk— 2 21.

Consider a single degree of freedom spring-
mass system of spring stiffness k; and mass m
which has a natural frequency of 10 rad/s.
Consider another single degree of freedom
spring-mass system of spring stiffness k, and
mass m which has a natural frequency of 20
rad/s. The spring stiffness k, is equal to

(A) k, € k./4

(B) 2k, (D) 4k,

GATE AE - 2012

One Mark Questions.
The logarithmic decrement measured for a

viscously damped single degree of freedom
system is 0.125. The value of the damping
factor in % is closest to
(A) 0.5
(B) 1.0

(€ 15
(D) 2.0

Two Marks Questions.

The mode shapes of an un-damped two
degrees of freedom system are {1 0.5}T and
{1 —0.675}". The
frequencies are 0.45 Hz and 1.2471 Hz. The

corresponding natural

maximum amplitude (in mm) of vibration of
the first degree of freedom due to an initial
displacement of {2 1}T(in mm) and zero initial

velocities is .

The boundary condition of a rod under
longitudinal vibration is changed from fixed-
fixed to fixed-free. The fundamental natural
frequency of the rod is now k times the original
frequency, where k is
(A) 1/2
(B) 2

© 172
(D) V2

A spring-mass system is viscously damped
with a viscous damping constant c. The energy

dissipated per cycle when the system is
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22.

23.

24,

25.

undergoing a harmonic vibration X Cos wgt is

given by
(A) mcwgX? (C) mcwgX
(B) mwyX? (D) mcw3X

GATE AE - 2013

One Mark Questions.
A damped single degree-of-freedom system is

vibrating under a harmonic excitation with an
amplitude ratio of 2.5 at resonance. The

damping ratio of the system is

GATE AE - 2014

One Mark Questions.
A damped single degree of freedom system

whose  undamped  natural frequency,
w, =10Hz, is subjected to sinusoidal external
force. Power is half of the maximum for the two
frequencies of 60.9469 rad/s and 64.7168
rad/s. The damping factor associated with the

vibrating system (in %) is

The boundary conditions for a rod with

circular = cross-section, under torsional

vibration, are changed from fixed-free to fixed-

fixed. The fundamental natural frequency of

the fixed-fixed rod is k times that of fixed-free

rod. The value of k is
(A) 15

(B) m

€ 2.0
(D) 05

Two Marks Questions.

1kg mass is hanging from a spring of stiffness
500N/m attached to a massless, symmetric
beam of length 0.6m, moment of inertia about
the bending axis [=8.33%x10"m* and
Young’s modulus E = 210GPa as shown in the

figure. The fundamental natural frequency (in

rad/s) of the system is

26.

27.

28.

29.

P 0.6m R
§ é k = 500 N/m
1kg
(A) 3.24 (C) 2236
(B) 20.36 (D) 3.56

A single degree of freedom system is vibrating
with initial (first cycle) amplitude of 5cm. The
viscous damping factor associated with the
vibrating system is 2%. Vibration amplitude of
the fifth cycle (in cm) is
(A) 1.65
(B) 4.41

GATE AE - 2015

One Mark Questions.
A linear mass-spring-dashpot system is over-

(C) 2.67
(D) 3.02

damped. In free vibration, this system
undergoes

(A) non-oscillatory motion

(B) random motion

(C) oscillatory and periodic motion

(D) oscillatory and non-periodic motion

A 0.5 kg mass is suspended vertically from a
point fixed on the Earth by a spring having a
stiffness of 5 N/mm. The static displacement

(in mm) of the mass is .

Two Marks Questions.

The following data is for a single degree of
freedom system with viscous damping:

mass, m = 10 kg; spring stiffness, k = 2.25
k/mm; damping coefficient, c= 0.0125 Ns/mm.

The ratio of any two successive amplitudes is
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30.

31

32.

33.

GATE AE - 2016

One Mark Questions.
The effective stiffness of the spring-mass

system as shown in the figure below is ___

N/mm.

N

VI IIIIIY

[\
Z
~
=t
3

vy

4N/mm §
2N/mm

vy _vyvy

AAAA—AAAA

Two Marks Questions.

The governing differential equation of motion

d2x
dt?

kx=0. fm=1kg, c=2Ns/mandk=2N/m

of a damped system is given by m + c% +
then the frequency of the damped oscillation of

this systemis ___ rad/s.

GATE AE - 2017

Two Marks Questions.
The natural frequency of the system suspended

by two identical springs of stiffness k as shown
in the figure is given by w, = a\/% for small

displacement. Both the springs make an angle
of 45° with the horizontal. The value of a is

(in two decimal places).

GATE AE -2018

One Mark Questions.

For a damped single degree of freedom system
with damping ratio of 0.1, ratio of two
successive peak amplitudes of free vibration is

(accurate to two decimal places).

34.

ky

35.

36.

37.

38.

The natural frequency (in rad/s) of the spring-
mass system shown in the figure below is ___

(accurate to one decimal place).

=20N/m k, = 20 N/m

m, =

4kg

m; = | Rigid
6kg | Link

Two Marks Questions.

A 1 m long massless cantilever beam oscillates
at 2Hz, while a 60 kg mass is attached at the tip
of it. The flexural rigidity of the beam (in kN-
m?) is (accurate to two decimal

places).

GATE AE - 2019

One Mark Questions.
In the spring-mass system, shown in the figure,

mass m = 3 kg and the spring stiffness k = 20
kN/m. The natural frequency of the system is

Hz (round off to the nearest integer).

Two Marks Questions.

For a damped spring-mass system, mass m =
10 kg, stiffness k = 102> N/m, and damping
coefficient ¢ = 20 kg/s. The ratio of the
amplitude of oscillation of the first cycle to that
of the fifth cycle is (round off to 1

decimal place).

For the system of springs and masses shown
below, k= 1250 N/m and m = 10 kg. The
highest natural frequency, w, of the system is

radians/s (round off to the nearest

integer).
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39.

40.

41.

42.

GATE AE - 2020

One Mark Questions.
The natural frequency of the first mode of a

rectangular cross section cantilever aluminum
beam is w rad/s. If the material and cross-
section remain the same, but the length of the
beam is doubled, the first mode frequency will
become
(A) w/4rad/s
(B) 4wrad/s

(Q) w/16rad/s
(D) 16w rad/s

Two Marks Questions.

A critically damped single degree of freedom
spring-mass-damper system used in a door
closing mechanism becomes overdamped due
to softening of the spring with extended use. If
the new damping ratio (§,ew) for overdamped
condition is 1.2, the ratio of the original spring
stiffness to the new spring stiffness (korg/
Knew), assuming that the other parameters

remain unchanged, is (round off to two

decimal places).

The two masses of the two degree of freedom
system shown in the figure are given initial
displacements of 2 cm (x;) and 1.24 cm (x;).
The system starts to vibrate in the first mode.
The first mode shape of this system is ¢; =

[1 a]T, wherea=___(round off to two decimal

Iﬁ(t) |X_z£0
m —VW— m

Smooth surface

GATE AE - 2021

One Mark Questions.
A single degree of freedom spring-mass-

places).

<
<
=

damper system is designed to ensure that the
system returns to its original undisturbed

position in minimum possible time without

43.

44,

45,

overshooting. If the mass of the system is 10 kg,
spring stiffness is 17400 N/m and the natural
frequency is 13.2 rad/s, the coefficient of
damping of the system in Ns/m is

(round off to nearest integer).

Two cantilever beams (Beam 1 and Beam 2)
are made of same homogenous material and
have identical cross sections. Beam 1 has
length £ and Beam 2 has length 2¢. Ratio of the
first natural frequency of Beam 1 to that of
Beam 2is _____ (round off to nearest integer).

Two Marks Questions.

A rigid massless rod pinned at one end has a
mass m attached to its other end. The rod is
supported by a linear spring of stiffness k as

shown in the figure.

m

1
A) 7‘1_{

B 1
( )ﬁ
c 1
()ﬁ
1 [k(L?+H?)
(D)ﬁ 2
4mL

A two degree of freedom spring-mass system
undergoing free vibration with generalized
coordinates x; and X, has natural frequencies

w; =2339 rad/s and w, =324.5 rad/s,
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46.

respectively. The corresponding mode shapes

are ¢, = [—31.16] and ¢, = [3.116]' If the

system is disturbed with certain deflections

and zero initial velocities, then which of the
following statement(s) is/are true?

(A) An initial deflection of x,(0) = 6.32 cm
and x,(0) = —3.16 cm would make the
system oscillate with only the second
natural frequency.

(B) An initial deflection of x,(0) = 2 cm and
%x,(0) = —6.32 cm would make the
system oscillate with only the first natural
frequency.

(C) An initial deflection of x;(0) = 2 cm and
%,(0) = =2 cm would make the system
oscillate with a linear combination of first
and second natural frequency.

(D) An initial deflection of x,(0) = 1 cm and
%x,(0) = —6.32 cm would make the
system oscillate with only the first natural

frequency.

GATE AE - 2022

Two Marks Questions.
A damper with damping- coefficient, ¢, is

attached to a mass of 5 kg and spring of
stiffness 5 kN/m as shown in figure. The
system undergoes under-damped oscillations.
If the ratio of the 3 amplitude to the 4t
amplitude of oscillations is 1.5, the value of c is

___Ns/m (rounded off to the nearest integer).

5kN/m c

47.

48.

49,

A uniform rigid prismatic bar of total mass m is
suspended from a ceiling by two identical
springs as shown in figure.

Let w; and w, be the natural frequencies of
mode I and mode Il respectively (w; < w;).

The value of w,/w,is (rounded off to

one decimal place).

|
d
<

v

l

GATE AE - 2023

One Mark Questions.

Which of the following statement(s) is/are true

about harmonically excited forced vibration of

asingle degree-of-freedom linear spring-mass-
damper system?

(A) The total response of the mass is a
combination of free vibration transient
and steady-state response.

(B) The free vibration transient dies out with
time for each of the three possible
conditions of damping (under-damped,
critically damped, and over-damped).

(C) The steady-state periodic response is
dependent on the initial conditions at the
time of application of external forcing.

(D) The rate of decay of free vibration
transient response depends on the mass,

spring stiffness and damping constant.

For studying wing vibrations, a wing of mass M
and finite dimensions has been idealized by
assuming it to be supported using a linear
spring of equivalent stiffness k and a torsional
spring of equivalent stiffness kg as shown in

the figure.
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50.

51

The centre of gravity (CG) of the wing idealized
as an airfoil is marked in the figure. The
number of degree(s) of freedom for this
idealized wing vibration model is

(Answer in integer)

NI

Two Marks Questions.

A single degree-of-freedom spring-mass-
damper system has viscous damping ratio of
0.1. The mass is given an initial displacement of
10 cm without imparting any velocity. After
exactly two complete cycles of oscillation (i.e.,
after time 2Ty, where Ty is the period of the
damped vibration), the amplitude of the

displacement is cm. (round off to two

decimal place)

GATE AE - 2024

One Mark Questions.
Consider the free vibration responses P, Q, R

and S (shown in the figure) of a single degree of
freedom spring-mass-damper system with the
same initial conditions. For the different
damping cases listed below, which one of the
following options is correct?

1. Overdamped

2. Underdamped

3. Critically damped

4. Undamped

52.

53.

2

[unN

Displacement (x)
_ o
o

'
N

Time (t)

(A)P-1,Q-4,R-2,S-3
(B)P-1,Q-2,R-4,S-3
(C)P-3,Q-4,R-2,S-1
(D)P-3,Q-2,R-4,5-1

For a single degree of freedom spring-mass-
damper system subjected to harmonic forcing,
the part of the motion (response) that decays
due to damping is known as:

(A) transient response

(B) steady-state response

(C) harmonic response

(D) non-transient response

Two Marks Questions.

The equations of motion for a two degrees of
freedom undamped spring-mass system are:
mX; + 2kx; —kx, =0

mX, — kx; + 2kx, =0

where m and k represent mass and stiffness
respectively, in corresponding SI units, and x;
and x, are the degrees of freedom. The larger
of the two natural frequencies is given by: w =
a\/k/—m rad/s. The value of a is

(rounded off to 2 decimal places).
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46 | 19to21 |47 1.7t0 1.8 48| ABD |49| 2to2 |50]|280t0286
51 C 52 A 53 | 1.72to 1.74
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