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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW 35 (6.A and 6.B) due Today!!

2. Office hours are on ME2008. Located on second floor of renovated side of ME.
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Chapter 6: Vibrations – Free Response

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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Equations of Motion (EOMs)

The equations of motion for the vibrational systems studied in this course are typically composed of the 
following components:

1. Particles/rigid bodies
2. Dashpots (a.k.a. Damper)
3. Springs
4. External forcing
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Static Deformation and the EOM for Vibration
1. Last lecture, we saw that the EOM for the 
system shown is given as:

2. Throughout this chapter, we will be evaluating and finding EOMs for 
different systems. The above equation shown an inhomogeneous 
equation with a constant inhomogeneous term of mg.

3. This static displacement can be found by setting                          , which gives:

4. 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:

5. Introducing this into the original EOM above gives a homogenous equation (eqn equal to 0):

[p. 385-386]
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Solution of the Homogeneous Form of the EOM

1. The EOM shown above is, in general, inhomogeneous. From linear differential equations you can recall 
that the solution of this EOM can be written as: 

2. Where:
• x_c(t) is the complementary (or homogeneous) solution
• x_p(t) is the particular solution

3. Note: Lectures 36-39 will focus on the complementary solution, then we will look at the particular solution 
(where f(t) is not equal to zero)
4. The general form of the complementary solution can be written as: 

5. Where A and lamda are to be determined parameters. Substituting this general form of the complementary 
solution into the homogeneous equation of motion gives:

[p. 387]
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The characteristic equation and undamped response

6. In order for above to be true one of the following terms must be zero:
•                             This is not possible for any value of (lambda)*(t)
•                             This would mean the system does not move.
•                             This is the only possible term that corresponds to the motion of the system

7. This final, third condition above is known as the characteristic equation of the problem. 
• Solving the characteristic equation gives us two roots:

8. For today, we will evaluate the specific case where the damping ratio is equal to 0. 
• Meaning our system is undamped. 
• Notice the natural frequency, w_n is equal to sqrt(K/M)

[p. 388]
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