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Mechanical vibrations 

Harmonic oscillators, pendulum  
 
Undamped oscillator –  
damped oscillator 
 
Driven oscillations 
 
Superposition, decomposition,  
beating 
 
Coupled pendulum 

Trautwein (German) Ch. 6 - 6.4 
Tipler (English) Ch.14 



mechanical vibrations 

oscillatory 
motion 

auditory 
hair 
bundles 
Jülicher COCB 
(2005) 

also: genetic oscillators e.g. circadian clocks 



oscillatory motion 

Tipler 
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oscillatory motion 

Tipler 

Question 

If they are released at the same time, which object reaches the 
equilibrium position first? 
a) Object 1 
b) Object 2 
c) at the same time 

 

m1=m2  
k1=k2  k1 

k2 



oscillatory motion 

Tipler 

Answer 

The frequency (and thus the 
period) of simple harmonic 
motion is independent of 
the amplitude. 

at the same time 



K= Ekin 

U=Epot 

harmonic oscillation, energy 

Tipler 

Etotal  =  U + K 

 =  Epot + Ekin 



harmonic oscillation, energy 
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harmonic approximation 



harmonic oscillation 

ETHZ 

1. Die Pendel müssen die gleiche Länge haben. 
2. l  k/m 
3. l  m/k 
4. kann man mit diesen Informationen nicht sagen. 
 

Man hat ein Fadenpendel 
und ein Federpendel.  
Die Feder hat eine 
Federkonstante k. An 
beiden Pendeln hängt die 
gleiche Masse m.  
 
Wie lange muss das 
Fadenpendel sein, damit 
die Pendel die gleiche 
Schwingungsperioden 
haben? 
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damped oscillator 
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damping 
medium 



damped oscillator 
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Underdamped 



driven oscillator 

Tipler 



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 
















