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Standing or evanescent electromagnetic waves can accelerate charged particles by the 

ponderomotive force. This is demonstrated by solving the equation of motion for an 

arbitrary phase between the electric and the magnetic fields of the wave. Under forces 

by the electric and magnetic fields of a uniform-in-space travelling wave, the velocity 

and energy of charged particles oscillate with no net energy exchange. However, if the 

phase between the electric and magnetic field is as in a standing (or evanescent) wave, 

charged particles can be accelerated. Such a secular term of the particle velocity evolves 

in a magnetized plasma, when an additional steady magnetic field is present, but also 

in an un-magnetized plasma, in the absence of such a steady field. In both magnetized 

and un-magnetized plasma, the direction of acceleration is mass dependent. The 

direction of acceleration depends on whether the cyclotron frequency of the particle in 

the steady magnetic field is larger or smaller than the wave frequency. Schemes for 

mass separation can be proposed based on the different dynamics of particles of 

different mass. For a significant yield, the space-charge fields of the plasma have to be 

considered. A shear Alfven wave can be used. Contrary to previous analyses, we 

calculate the dynamics by including ionization and plasma flow. Possible 

configurations for mass separation for industrial needs, based on the ponderomotive 

force, will be discussed. 
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