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

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

[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]
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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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[pg. 400]



p . 400

① X = 0 When spring unstretched

+
egcx

②
[fx = mg - cx -kx = mx

③

mx +(x +kx = ng

④ Xse = daf. When system is in static equilibrium (x = x=0)

nx+xx+kx =mg
↳ Xst = my/k

⑤ Standard form - by n.

x+ x+x = g

⑤ Find We

W=

⑦ Find Damping Ratio ,3
25W=

E=un

-

=M
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[pg. 401]



p. 40

C ?

①
↑ kX

↓ug

↑ Pcx(mx ty+
2 kX

②Sitics N/E
+[fx = mX

- kx - 2kx + mg
-cy = mi

= mx + cy + 3kx = mg(20M)

② Put in standard form , by m.

=+ y+x = g-

④ 3& w. e gns

23wn=(1)

w?= (2)

⑤ 30. 5

(1) = Wn = En ; Plug in 3 =0.
5 on

(1)

=; use (2)

=- c =mi
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[pg. 402]



p . 402

c ?

De

-
-

> ↑N -O

nX
CX

⑫is N/d

"Fx = MX

- kx - 4kx
-CX +mgsin0 = mX

= my + (X+ 5kx = mgsinG(d0m)

① Standard form .

Find 3& W-

=X+x+x = gsin

23Wn=

wi= 5

④ 370. 5

We=
n

=

==m
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[pg. 403]



p .
403 Classic Spring-Mass-Damper problem

x(t) = 3

Des
"

* = Esmi&

CX ↓
&
ppL in this classical problem usually ignore my.

⑭ is N/E

= [fx = mi

= - kX - CX =
mx

=> my + (4+ kx = 0 (50m)

③ Standard form
.

Find 3& W.

=> y+x+X= 0

29Wn=w
undamped (2 = 0)

Em ; is 3 : E under damped (3(1)

critically damped (3+1)
= 0

. 4

⑪ Underdamped
. Apply initial conditions

overdamped (371)

x(t) = =wit (Acoswat+Bsin wat)

watwee= damped natural frequency· for underdamped
⑤ x(0)

X(0) = Xo
I I D

=> x(0) =20(Awd0+Baxwar)

=Xo = A

⑥ (0)
I j

I

x(t) = -zut(Acat +Bustat)inwht +Bot,product let
harmonic

Y(0) = 0 response

F - EW-A + BWd

=- zwnxo+ Bwa
= 0

=> B = EX exponentially

decaying⑦ free Response ofthe system harmonic Sx(t) = e 2wnt)Xocoswat+uSin response

where : Wa =We



Lec 37 Short 
Feedback Form:

[pg. 392]


