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One of the remarkable features distinguishing complex (dusty) plasmas from usual plasmas 

is that charges on the grains are not constant, but fluctuate in time around some equilibrium 

value which, in turn, is some function of spatial coordinates. Due to specific plasma 

interactions associated with the charge variability, complex plasmas represent a novel class 

of non-Hamiltonian systems. Under certain conditions this results in spontaneous excitation 

of individual and collective particle motion. 

The simplest class of non-Hamiltonian dynamics is realized when the charge is a function 

of the coordinates1, Q=Q(r): The force QE acting on a particle in a potential electric field 

E(r) cannot be expressed in terms of a gradient of a scalar function, because rot QE is not 

equal to zero in a general case. Thus, individual particles can gain energy from the ambient 

plasma. 

A particle can also acquire anomalous energy due charge fluctuations:2 These lead to 

random changes of the electric force acting on a particle and, hence, to diffusion in the 

velocity space – stochastic “heating”. Charge fluctuations can also trigger the parametric 

instability characterized by exponential growth of the kinetic energy – provided neutral gas 

damping is below a certain threshold. This process has been observed in several laboratory 

experiments conducted with complex plasmas in low-pressure gas discharges. 

The charge variability plays crucial role for ensembles of interacting particles, because the 

mutual collisions do not conserve the energy. This also causes “heating” of particles, the 

process similar to the second-order Fermi acceleration.3 This kind of stochastic heating 

(associated with charge fluctuations) is the leading mechanism of nanosize-dust 

acceleration in astrophysical environment.4,5 

In my talk I will summarize specific non-conservative processes peculiar to complex 

(dusty) plasmas and discuss their importance for various environments. 
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