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Introduction

� Dynamical systems can interact such that energy, mass and information is exchanged (or
their combination)

� Resonance is a phenomenon in which a dynamic force drives a structure to vibrate at its
natural frequency. When a structure is in resonance, a small force can produce a large
vibration response.

� At resonance systems can exchange energy (bi-directional flow)
� In general resonances are avoided as very often governing equations become singular and

amplitudes lead to secular growths (for dispersive shocks see, e.g. Ballai, Forgacs-Dajka,
Marcu 2019)

� However, in solar and space physics resonances are important mechanisms
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Introduction

� In magnetosphere resonance is used to explain the existence of ULF waves in the Earth
magnetosphere and substorm processes (Chen and Hasegawa 1974)

� Resonances are mechanisms by which plasma can be heated and/or accelerated (coronal
heating and solar wind acceleration)

� Orbital resonances play very important role in celestial mechanics: two bodies are in orbital
resonance if their orbital periods can be expressed as a ratio of two integers

� Orbital resonance also plays a very important role in stellar accretion disks
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Parametric interaction of waves

Parametric resonance is a classical physical problem (e.g. vertically forced pendulum)

� Parametric resonance is a state
of vibration in which energy flows into
the system from an external source at
resonance, increasing the amplitude of the system’s response. This energy is dependent
upon both the natural frequency of the system and the frequency of the parameter variation

� Several studies discussing this process in solar plasma, e.g. Zaqarashvili et al. 2002, 2005
Shergelashviliet al. 2005, Machabeli et al. 2013, Hillier et al. 2019, Hahn et al. 2022, etc.

� Used to explain the zebra-patterns of radio emission in a flaring region, turbulent behaviour
of the solar wind, heating of coronal plasma by parametric decay of e.m. waves, etc.
(Winglee & Dulk 1986, Chernov 2006; Kuznetsov & Tsap 2007, Alissandrakis & Gary 2021,
etc)
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Parametric interaction of waves
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Physical considerations

� In general the standard way to study waves assumes that the equilibrium is stationary, or at
least it varies of much longer time-scales than any dynamical time scale of the physical
problem

� In a partially ionised plasma (PIP) the stationary equilibrium state is not always reached, as
ionisation and recombinations take place over time scales that are comparable with other
temporal scales

� Non-stationarity may be generated by atomic processes taking place in a plasma
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The partially ionised solar atmosphere
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The partially ionised solar atmosphere
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