
Question C6.1
The positions of particles A and B are described by the coordinates xA and xB shown below. All
springs are unstretched when xA = xB = 0. In the free body diagrams shown below, draw and
label (in terms of k, xA and xB) the spring force vectors on particles A and B.

ME 274 – Fall 2008 Name   

Final Examination  

PROBLEM NO. 5   

Part (b) – 4 points   
 

The positions of particles A and B are to be described by the coordinates xA and xB, 

respectively, defined below. All springs being unstretched when xA = xB = 0. In the 

FBD’s of A and B below, show the magnitude and direction of all spring forces in terms 

of k, xA and xB. 
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Question C6.2
The time history for x(t) for the free response of the undamped single-DOF system is shown below.
Here, xst = 0.05 m. Determine the natural period of free response ⌧ for this system.

ME 274 – Fall 2007 Name   

Final Examination  

PROBLEM NO. 5 (continued) 
 

Part d)  -  5 points 
The time history x(t) for the free response of the undamped spring-mass system is shown 

below where xst = 0.05 meters. Determine the natural period of free response ! for this 

system. 

HINT:  Use the relationship between k/m and the static deformation xst in solving this 

problem. 
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Question C6.3
Consider the spring-mass system shown below. Determine the natural frequency for the system.
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Question C6.4
The system shown below consists of a pulley (of mass m and centroidal mass moment of inertia
IO) and block A. Determine the natural frequency for the system.
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Question C6.5
Consider the free response for a damped, single-DOF system having the following di↵erential equa-
tion of motion:

mẍ+ cẋ+ kx = 0

This system is known to have a damping ratio of ⇣ = 0.1 and undamped natural frequency of
!n = 10 rad/s.

What are the new values for the damping ratio and undamped natural frequency if:

(a) The original value of m is doubled, the original value of k is doubled and the value of c is
unchanged?

(b) The original value of m is doubled, the original value of k is halved and the value of c is
unchanged?

(c) The original value of k is doubled, the original value of c is doubled and the value of m is
unchanged?

(d) The original value of m is doubled, the original value of c is doubled and the value of k is
unchanged?
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Question C6.6
The positions of particles A and C are described by the coordinates xA and xC shown below. The
base B on the left side is given prescribed motion of y(t) = b sin⌦t. All springs are unstretched
when xA = xC = y = 0. In the free body diagrams shown below, draw and label [in terms of k,
y(t), xA and xC ] the spring force vectors on particles A and C.
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Question C6.7
Consider the spring-mass-dashpot system shown below. Let x represent the position of block A as
measured from its position when the spring is unstretched. Let z represent the position of block A
as measured from its position when the system is in static equilibrium; that is, x = xst + z.

(a) Derive the equation of motion (EOM) of the system in terms of the coordinate x.

(b) Derive the EOM of the system in terms of the coordinate z.

(c) Compare the EOMs from (a) and (b). How do they di↵er?

  
!aP

  
!vP

 30°

 P

 k  c

 m g

 equilibrium position

 unstretched position

 z x
 xst

 A thx D Dci

a IF tax citing _mix

b For Xst X o best my O

X 2 test substitute onto EOM in a
m



C
h
a
p
te
r
6

Question C6.8
Consider Systems A and B shown below. System A is made up of a spring and block with the
block moving in pure translation along a smooth horizontal surface. System B is made up of a
spring and a homogeneous disk of mass m and outer radius R, with the center of the disk at O and
the disk rolling without slipping on a horizontal surface. Each system has the same mass m and
same spring sti↵ness k. Let !nA and !nB represent the natural frequencies of Systems A and B,
respectively. Circle the answer below that most accurately represents the natural frequencies for
the two systems:

(a) !nA > !nB

(b) !nA = !nB

(c) !nA < !nB

(d) More information is needed on the two systems in order to answer this question.
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Question C6.9
Consider the standard form of the equation of motion (EOM) for the free response of a single-
degree-of-freedom system:

ẍ+ 2⇣!nẋ+ !2
nx = 0

where ⇣ � 0 and !n > 0. Describe, in words, the nature of the response of the system if:

(a) ⇣ = 0

(b) 0 < ⇣ < 1

(c) ⇣ = 1

(d) ⇣ > 1

See discussion in lecture book
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Question C6.10
The following equation of motion (EOM) has been derived for a single-degree-of-freedom system:

6ẍ+ 2ẋ� 216x = 0

Explain why the response governed by this EOM is not oscillatory.
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Question C6.11
The following equation of motion (EOM) has been derived for a single-degree-of-freedom system:

2ẍ+ 48ẋ+ 800x = 200

(a) Determine the undamped natural frequency !n for the system.

(b) Determine the damping ratio ⇣ for the system.

(c) Determine the damped natural frequency !d for the system.

(d) Determine the static deformation xst for the system.
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Question C6.12
The following equation of motion (EOM) has been derived for an undamped single-degree-of-
freedom system:

2ẍ+ 800x = f(t) = 40 sin⌦t

Let xP (t) represent the particular solution of this EOM. Is xP (t) in phase or 180� out of phase
with the excitation f(t) when ⌦ = 30 rad/s? Provide a justification for your answer.
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Question C6.13
The undamped, single-degree-of-freedom system shown below is made up of block A (of mass m)
and a spring of sti↵ness k. The spring is connected between A and base B, with B given a prescribed
displacement of y(t) = y0 sin⌦t.
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Let xP (t) represent the particular solution of the EOM for this system. Time histories for xP (t)
and y(t) are shown below.
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From the plot, provide estimates for:

(a) The excitation amplitude y0.

(b) The excitation frequency ⌦.

(c) The natural frequency !n of the system.
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Question C6.14
Consider Systems A and B shown below. Let (!n)A and (!n)B represent the natural frequencies
of Systems A and B, respectively. Circle the statement below that most accurately describes the
natural frequencies of these two systems:

(a) (!n)A > (!n)B

(b) (!n)A = (!n)B

(c) (!n)A < (!n)B
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Question C6.15
Consider Systems A and B shown below. Let (!n)A and (!n)B represent the natural frequencies
of Systems A and B, respectively. Circle the statement below that most accurately describes the
natural frequencies of these two systems:

(a) (!n)A > (!n)B

(b) (!n)A = (!n)B

(c) (!n)A < (!n)B
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Question C6.16
Consider the time history of the function x(t) = xmean + A sin(!t + �). From this figure, provide
estimates for xmean, A and �.
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