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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 37 (6.E and 6.F) due Today!!

2. Office hours are on ME2008. Located on second floor of renovated side of ME.

3. Take home quiz07 assigned today, due Sunday April 26th
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Chapter 6: Vibrations

Goals for Chapter 6:
• We are used to solving acceleration/velocity/position for a given instant in time                                        

(using Newton-Euler Equations, upper left).

• In this chapter, we will study the response of systems whose motion is oscillatory in nature 
(~vibrations).

 
• We will focus on understanding the change in position as a general function of time                

(ie. Deriving the EOMs of a system, upper right).
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Standard Form of EOM
A) General Form EOM:

1. Particles/rigid bodies
2. Dashpots (a.k.a. Damper)
3. Springs
4. External forcing

B) Standard Form EOM:
• If you divide general form by M you get standard form (bottom left).
• Standard form gives us the EOM in terms of damping ratio,       (zeta), and undamped natural frequency,             

(bottom right)
• Why? Damping ratio and undamped natural frequency are values with physical interpretations:

• Damping ratio -> Ratio for which an objects oscillations will decay over time
• Undamped natural frequency -> a systems preferred state of motion based on its weight and stiffness

• Make sure all coefficients on your EOM are equal to the same sign. In this course, we are only looking at 
scenarios where all coefficients have the same sign [p. 394].

[p. 392]
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Static Deformation
1. The EOM for the system shown is given 
as:

2. The static displacement can be found by setting                         , which gives:

3. Now instead of measuring the position form the unstretched position, we measure its position from the 
static deformation state. We define this coordinate as z:

4. This gives a homogenous equation (eqn equal to 0):

[p. 385-386]
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Types of Responses 

Solving for the characteristic equation gives us two roots:

The value of the parameter zeta (damping ratio) tells us the type of response of the system:

1. Undamped
• We have two imaginary roots

2. Underdamped
• We have two complex roots

3. Critically damped
• We have two repeated, real roots

4. Overdamped
• We have two distinct, real roots

[p. 388]



7

The Underdamped Response
1. In this course we will focus primarily on the Underdamped response, with undamped being a special 
case. 
2. Substituting the underdamped roots of the characteristic equation into the total complementary solution 
(first equation below) gives the second equation:

[p. 390]
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DU2 : Apr 26th

[
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Examples of different frequency levels
https://youtube.com/playlist?list=PLFMXG7jiiXIaKkrOPDbwVeSqXEIxNmzAe&si=RNWZbxnWL4Wm3K8o

150hz 450hz

900 hz 1800hz
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[pg. 404]
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404
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[pg. 405]



p, 405
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[pg. 406]



p . 406
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[pg. 407]



p . 407 Similar to ha dre fri
, 4/24
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[pg. 408]



p . 408



Lec 38 Short 
Feedback Form:

[pg. 392]


