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The concept of the ponderomotive force, the time averaged force on a particle moving in a 

wave with a spatial variation in intensity, plays an important role in plasma physics, as well 

as in a number of other fields.  Derivations of the most familiar expression for this, giving 

acceleration down the intensity gradient, can be found in standard texts while over the years 

many  papers  have  looked  at  generalizations  to  more  complex  configurations  involving 

travelling waves and relativistic effects.  Most of these papers use sophisticated averaging 

methods involving Lagrangian or Hamiltonian descriptions of the particle dynamics in the 

wave. 

To the best of our knowledge there has been little or no work done on testing the theory 

against exact numerical calculations of the particle orbit. We have looked at the basic case 

of a single particle being reflected by a travelling wave with a monotonic intensity gradient 

and, in the case of non-relativistic motion in an electrostatic wave, compared the particle 

motion with the predictions of an explicit formula given by Bauer et al (Phys. Rev. Lett. 75, 

4622, 1995).   For waves with sufficiently large wavenumber we find particle paths with, in 

places, the speed decreasing as the particle moves down the intensity gradient. While the 

Bauer  et  al  formula  can  produce  such  a  “negative  mass”  effect  it  cannot  produce  the 

transition between acceleration up and down the intensity gradient  that  we see along a 

single particle trajectory. Indeed, it can be shown that no ponderomotive potential quadratic 

in the field amplitude can produce such an effect, leading us to develop a theory to higher 

order in the field amplitude that does give a good description of the particle motion. The 

ponderomotive force is a fundamental concept in plasma physics , so it is significant to note 

that standard theories can break down in the simplest of configurations.
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