PHY 113 A General Physics |
9-9:50 AM MWF Olin 101

Plan for Lecture

22:

Chapter 15 — Simple harmonic motion

1. Object attached to a spring and
pendulum motion

2. Resonance phenomena

3. Note: We will not thoroughly cover
damping and the analogy to circular
motion.
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Review : Newton's law for mass - spring system :
d’x _ k

dat m
Solution for X(t):

X(t) = Acos[\/Kt + (pJ where Aand ¢ are unknown constants
m

Review : = mass - spring system has a characteristic frequency :

o= \/E rad/s
m
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Energy associated with simple harmonic motion
Energy :
E =%mv2 +%kx2

E= % mao* A (sin(et + @) + % kA2 (cos(et + @)

But o’ =£
m

=E= % kA [(sin(a)t +¢)) +(cos(at + ) ] = % kA

0/24/2012 PHY 113 A Fall 2012 - Lecture 22

Energy diagram:

(x)=1/2 k x2
E=1/2 k A2




Simple harmonic motion for a pendulum:

. d’e
t=mgLsin®=—-la=-I
9 dt?
2
L d—?:—mgLsin®:fgsin® (since | =mL2)
dt | L
(0]
AN Approximation for small ®:
sin® = ©
2
= d—? --Y9o
dt L
Solution :

O(t) = Acos(ot+0); o= \/%
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Pendulum example:
Suppose L=2m, what is the
period of the pendulum?

T:z—n:2.84s
(0]

O(t) = Acos(ot +0); o= \/%
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2
® :\/g = 2B i3S radss = 28
L 2m T

iclicker exercise:
What happens if ® is too large?
A. The frequency of oscillation will no
longer be constant
B. The pendulum will no longer oscillate
C. Energy will be lost even if air friction is
negligible
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The notion of resonance:
Suppose  F=-kx+F, sin(Qt)
According to Newton:
2
—kx+ F, sin(Qt) = m%
Differential equation ("inhomogeneous") :

d’x k. F .
— =——X+—sin(Qt
dt’ m m )
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Physics of a “driven” harmonic oscillator:

2
—kx+ F, sin(Qt) = m%

“driving” frequency

Fo/m -
X(t) = k/r; _Qism(Qt) =

w
“natural” frequen

Fo/m .
sin(Qt

F,/m® (Mae)
®’-0?

(Q=2radfs)’ : ® R

0

a
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Examples:

Suppose a mass m=0.2 kg is attached to a spring with
k=1.81N/m and an oscillating driving force as shown
above. Find the steady-state displacement x(t).

Fo/m . 1/0.2
sin(Qt) =
/m-Q2 ) 1.81/0.2-3%

X(t) = K sin(3t) m =100sin(3t) m
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Examples:

From Assignment 19
4.+ -10.5points

hold the object at rest when i is pulled 0.200 m from its equibrium posi

ion (the origin of the x axis). The object is now
released from rest from this stretched position, and ik subsequently undergoes simple harmonic oscla

(2) Find the force constant of the spring.
Nfm

ns.

(b) Find the frequency of the osclations.
Hz

() Find the maximum speed of the object
m/s

(d) Where does this maximum speed occur?
x=x m

(€) Find the maximum acceleration of the object.
m/s

(f) Where does the maximum acceleration occur?
x=% m
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A 1.50-kg object is attached to a spring and placed on frictonless, horzontal surface. A horizontal force of 11.0 N is required to

+ =05 points My Notes | SePSES 15 P020.
A 1.50-kg object Is attached to a spring and placed on frictionless, herizontal surface. A horizontal force of 11.0 N is required to

hold the object at rest when It is pulled 0,200 m from its equillbrium position (the ongin of the x axis). The object is now
released from rest from this stretched pos

n, and it subsequently undergoes simple harmonic oscillations.
(a) Find the force constant of the spring
N/m

(b) Find the frequency of the osallations.

Hz

(€} Find the maximum acceleration of the object.

m/s’

(f) Where does the maximum acceleration occur?
x=1 m

() Find the total energy of the oscilating system.
3

(h) Find the speed of the object when its position is equal to one-third of the maximum value.
m/s

(i) Find the acceleration of the object when Its position is equal to one-third of the maximum value.

m/s’
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A simple pendulum makes 143 complete osciliations in 3,60 min at a location where g = 9.80 m/s

() Find the penod of the pendulum,
s

(b) Find the length of the pendulum.
m
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More examples:
From Assignment 20
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4.+ -0 poins | My Notes | SePSES 15 ROGOWI
A simple pendulum with a length of 2.93 m and 3 mass of 6.94 kg Is given an inital speed of 1.46 mys at its equilbrium
position
(a) Assuming i undergoes simple harmonic mation, determine s period.
s
(b) Determine its total energy.
)
(€) Determine its maximum angular displacement. (For large v, and/or small/, the small angle approximation may not be
good enough here )
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A 1.90-kg object attached to a spring moves without friction (b = 0) and Is driven by an external force given by the expression
F = 5.10sin(2at), where F is in newtons and ¢ is in seconds, The force constant of the spring is 34.0 N/m.

(a) Find the resonance angular frequency of the system.
1
B

(b) Find the angular frequency of the driven system.
ot

(c) Find the ampitude of the motion
m
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Tacoma Narrows bridge resonance
Images from Wikipedia

Rebuilt bridge in Tacoma WA




Bridge in July, 1940
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Collapse of bridge on Nov. 7, 1940

http://en.wikipedia.org/wiki/Tacoma Narrows Bridge %281940%29
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