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The investigation concerning the role of impacts in dynamical systems is an area of present research 

within the scope of non-smooth dynamical systems due to the occurrence in a variety of situations in 

mechanical systems, electrical engineering or in physiological networks with regard to external 

stimuli [10]. A particularly fine example illustrating various aspects occurring in connection with 

impacts in a dynamical system is represented by the familiar system of a ringing bell where impacts 

happen in a natural way. 

In our lecture we will discuss the motion of a bell and the interaction of bell and clapper from a 

dynamical systems point of view. In a simplified way the situation to be modeled can be 

approximated by a double pendulum (possibly driven) representing bell and clapper. Such a model 

has already been used by Veltmann [5,6] in his studies to derive an explanation for the spectacular 

failure of the famous emperor’s bell in the Cathedral of Cologne in 1875. Designed as the largest free 

swinging bell to “crown” the completion of the cathedral centuries after the beginning of the 

construction it turned out that the bell did not function properly: The clapper hardly hit the wall. To 

explain that phenomena there was of course no need for Veltmann to consider impacts. A properly 

working bell though relies on impacts. In our lecture we will extend Veltmann’s model to a hybrid 

system involving impacts and we will discuss dynamical properties of the corresponding impact 

system. The analysis of the simple one-degree of freedom impact oscillator [8,9,11] has already 

shown various forms of bifurcation to happen. In our lecture we will show that various forms of 

dynamical behavior known to occur can be derived from the mathematical model. As a particular 

result we will show that essentially depending on the “coupling” between clapper and bell changes of 

the oscillation from inphase to antiphase can be understood as well as the occurrence of double 

strikes for strong coupling.  
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