


Agenda Today

1 Simple harmonic motion
2 Pendulum

3 Damped harmonic motion



Oscillation(3RE)) :

The movement that repeat itself.

Simple harmonic motion: (& 1&HxE)

Any oscillation that could be expressed
as a sinusoidal function



X =Acos(owt+ @)

A : amplitude({R1E)

¢ : phase constant@wzshi “¥isete ” )
(o t+¢ ) : phase(IRBIF “HLtH 7 )

o : angular frequency(&E#=)




Frequency (BZ) v: the number of
oscillations that finished in one second.
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27T

Period (EHH) T: the time needed to
finish one oscillation




Velocity and acceleration of SHM

ax :
V= e —w Asin(wt+@)=Vv_ cos(a)t+go+g)
C
o\, ;
a= P =—m “Acos(wt+¢@)=a_ cos(ot+exr)

1. V. —m A velocity amplitude “#HENE ” .

2, a_, — @w* A acceleration amplitude

“IEENE 7 .



Spring oscillator CGEEET)
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By Hook’s law

F = —kx
By Newton’s second law of motion:
d*x

e —k X

F=m
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The solution: ) — ACOS(C{)t + (0)

X

4

Where A, and ¢ are decided by
the initial conditions
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Does the oscillator has
same period when it
hangs from the ceiling?
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The energy of SHM

0 X X

Kinetic = v = lmea’ sin“(wt+¢)
energy: 2 2

I 1 2 1 2 2
Potential E, =—kx" ==kA“cos*(wt+¢)
energy: 2 2
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BIRTBBE

= :%mv2 :%mszzsinz(ngp)
1 1

E =—kx° =§kAzcosz(a)t+go)



E=E, +E,

:%mG)ZAZSinz(a)t—Fgﬁ)-F%kAz cos’(wt+¢)
E=1m¥=1mwﬂvzlm%2
2 2 2

The total energy of SHM does not change
with time



Simple pendulum(E#E)
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If & iIs very small

C.SINn @ = 0@
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Physical pendulum(E #)
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How Fast Was Tyrannosaurus
Rex Traveling?

.."'JJII';[ L1y b e




Similarity between SHM and circular
motion

X =Acos(owt+¢)

the projection
on a straight line
of a particle

moving with uniform
circular motion is

simple harmonic : ,
motion S e
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Example: A particle in SHM moves along x—axis,
its , the is 2So
when

, find: a )
the equation that describes the motion Of the
SHM, B) when will it arrive its equilibrium
position.

solution:  Assume the equationis: X =Acos (ot+ )

_m__a

A=12cm, T=2s, @ T TS

X=0.12 cos (nt + ¢ )
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Oscillation X =0.12cos(zt — Z)
equation: 3

A(zgp > > 77’72,':—5 S

> O 6



Damped oscillation

| X
fr:_:uv
—kx— v—md—zx
“ dt”
et a)j:h , 20



H+2,B—+a) X=0

dt*
1. slightly damped oscillation B <w,
2. Critically damped oscillation (B=,)

3. Over-damped oscillation (B>m,)



Driven oscillation(318#&zh)

Driving force:

The periodical force exert on the oscillator

let: F =F, sin ot
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M——-=—KkX— u—+F, sin ot
dt? dt
let: £=a)§ ﬁzzﬂ i:f
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-2 —+a) X= TSN wt
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X =Ae "' cos(\/a)f — B°t+@)+Bsin(ot—Ap)

Steady state X=Bsin(ot— Agﬂ)
solution: f
B = 2
\/(a)f —a)z) +4,82w2
28w

the frequency of driven oscillator in steady
state Is that of the driving force.



Resonance (3#R)

when the frequency of the driving force
reaches a certain value, the amplitude of the

oscillator reaches its peak value.

B =
\/(a)f —a)z)2 +4,82w2
?
dB d f
do do
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\\/(a)f —a)2)2 +45°w° )



The resonance frequency:
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Large
damping

Damping
free

Small
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