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driven oscillator 
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driven oscillator: resonance 
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damping  

amplitude 

sharp resonance 

broad resonance 

Q: quality factor 

average power delivered to an oscillator as a function 
of the driving frequency for two different values of 
damping 

effect of damping 



resonances 
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resonances 
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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 
 

https://www.youtube.com/watch?v=eAXVa__XWZ8 

Tacoma bridge 
https://www.youtube.com/watch?v=lXyG68_caV4 

animation: aeroelastic flutter (wiki) 

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 destructive interference 
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superposition of oscillations 









superposition of oscillations: beat 

high freq. & 
low freq. 



superposition of oscillations: beat 
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x(t) 

x(t)=2A0cos(1t)cos[(/2)t] 
 
x(t)=B0(t) cos(1t) 
 

B0 (t)=2A0cos[(/2)t] 



Fourier series 



Fourier series & harmonic analysis 

A (440Hz) 
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Fourier series & harmonic analysis 

Relative amplitudes of the harmonics  
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Fourier series & superposition: 
square wave 
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Frequency spectrum of a bang 



coupled oscillators 

trading energy between pendulum I & II 
result in alternating displacement 
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coupled oscillators, towards waves 

fundamental & higher order vibrations 

Trautwein 



coupled oscillators, towards waves 
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fundamental 
mode  
transverse wave 
e.g. atomic chain 

fundamental 
mode and higher order 
modes (1 and 2) 






















