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driven oscillator: resonance

average power delivered to an oscillator as a function

. effect of dampin of the driving frequency for two different values of
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resonances

Extended objects have more than one
resonance frequency. When plucked, a guitar
string transmits its energy to the body of the
guitar. The body’s oscillations, coupled to
those of the air mass it encloses, produce the
resonance patterns shown. (Royal Swedish
Academy of Music.)
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resonances

Massive damped oscillators were attached
under the walkway shortly after this
suspension bridge opened. The oscillators were
put there to prevent the excessive swaying that
was driven by lateral forces exerted by the
footsteps of the walkers. (Alamy.)

https://www.youtube.com/watch?v=eAXVa XWZ8

London Millennium footbridge (June 2000)

* 2000 people on bridge at same time

» walking: lateral force component, typ. freq. 1Hz

» 2 lowest natural freq. of sideways motion (144m-
long center span): f=0.5 Hz, f2=1.0 Hz

= resonance easily driven

* enhanced by natural behavior of people: lateral
motion compensation by synchronizing walk:
reinforced resonance

Tacoma bridge
https://www.youtube.com/watch?v=IXyG68 caV4

animation: aeroelastic flutter (wiki)
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https://www.youtube.com/watch?v=eAXVa__XWZ8
https://www.youtube.com/watch?v=lXyG68_caV4
https://upload.wikimedia.org/wikipedia/commons/transcoded/3/3d/Tacoma_Bridge_Animation.ogv/Tacoma_Bridge_Animation.ogv.720p.webm
https://upload.wikimedia.org/wikipedia/commons/transcoded/3/3d/Tacoma_Bridge_Animation.ogv/Tacoma_Bridge_Animation.ogv.720p.webm
https://upload.wikimedia.org/wikipedia/commons/transcoded/3/3d/Tacoma_Bridge_Animation.ogv/Tacoma_Bridge_Animation.ogv.720p.webm

superposition of oscillations

constructive interference

Resultant wave

FIGURE 16-5 Constructive interference.
If two harmonic waves of the same frequency
are in phase, the amplitude of the resultant
wave is the sum of the amplitudes of the
individual waves. Waves 1 and 2 are identical,
so they appear as a single harmonic wave.
Wave 1 is shown as a red dashed curve

and Wave 2 is shown as a black dashed curve.

destructive interference

Wave 2
Resultant wave

Wave 1

FIGURE 16-6 Destructive interference. If
two harmonic waves of the same frequency
differ in phase by 180°, the amplitude of the
resultant wave is the difference between the
amplitudes of the individual waves. If the
original waves have equal amplitudes, they
cancel completely.

When two or more waves overlap, the resultant wave is the algebraic sum

of the individual waves.

PRINCIPLE OF SUPERPOSITION
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superposition of oscillations

X, (t)
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superposition of oscillations: beat
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superposition of oscillations: beat

x(t) |

B, (t)=2A,-cos[(Aw/2)-t]
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X(t)=2A,-cos(m-t)-cos[(Am/2)-t]

X(t)=By(t) -cos(m;-t)
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Fourier series

Sawtooth Wave Constructed of First 100 Terms
of Fourier Series, Each Term Shown

D2 -1




Fourier series & harmonic analysis

A (440Hz)

Tuning fork

Clarinet
Oboe
[
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FIGURE 16-25 Waveforms of () a tuning fork, (b) a clarinet, and
(c) an oboe, each at a fundamental frequency of 440 Hz and at
approximately the same intensity.
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Fourier series & harmonic analysis

Tuning fork
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Fourier series & superposition:
square wave

g Square waveform

3 1+3+5

_ | \ A |
N\
L\ A A
(b)

(a)

FIGURE 16-27 (a)The first three odd harmonics used to synthesize a square wave.
(b) The approximation of a square wave that results from summing the first three odd
harmonics in (a).
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Frequency spectrum of a bang
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coupled oscillators

/ a ; b
\ Y .
\;\ \ trading energy between pendulum | & Il
\\ \ result in alternating displacement
_ \
I I | Aun(t)t
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Abb. 6.10 Zwei gekoppelte Fadenpendel (a) Abb. 6.11 Schwingungen A|(t) und A,(t) der
und ihre beiden Eigenschwingungen: (b) gleich- beiden gekoppelten Pendel | und Il in Abb. 6.10.

phasig, (c) gegenphasig.
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coupled oscillators, towards waves

fundamental & higher order vibrations
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Abb. 6.12 Grundschwingungen (A, A’), erste
Oberschwingungen (B, B') und zweite Oberschwin-
gungen (C, C') eines Systems aus drei gekoppel-
ten Federpendeln: (a) Longitudinalschwingungen,
(b) Transversalschwingungen.
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coupled oscillators, towards waves

B f \\ . \
fundamental (/' RO )l t=0; g=mwt=0
mode

transverse wave
e.g. atomic chain

fundamental
mode and higher order
modes (1 and 2)
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