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Abstract
We present results of a 1D analysis demonstrating that electrons oscillating
in a Penning trap may drain the energy stored in an adjacent active medium.
Consequently, energy imparted by the active medium to the electrons allows
them to leave the trap. A simplified configuration is analysed in a self-consistent
way and its equilibrium conditions are characterized assuming continuous
pumping of the medium.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Motivated by Niels Bohr’s postulate regarding discrete energy states in an atom, Franck
and Hertz (FH) were the first to demonstrate experimentally [1] in 1914 that electrons in
atoms can absorb energy from a moving free electron only in discrete quanta. They have
shown that a bounded electron in a mercury atom is raised from a lower to a higher quantum
state at the expense of the kinetic energy of a free electron moving nearby. Later, in 1921,
Klein and Rosseland [2] coined for this process the notion of ‘collision of the first kind’. A
decade later (1930), Latyscheff and Leipunsky (LL) demonstrated experimentally the inverse
process [3]. Relying on the fact that stimulated absorption of radiation manifests itself as a
transition of the atom’s outer electron from a low to a higher energy state, they illuminated
vapours of mercury with light from a mercury lamp. When a free electron was injected into
the vapours, they found that it may gain energy in quanta corresponding to that stored in the
mercury atoms. In this process, the excited outer electron has dropped to the lower energy
state delivering the energy to the free electron, enhancing its kinetic energy—the process being
known as ‘collision of the second kind’. In both FH and LL experiments the vapours’ pressure
was designed such that, on average, there was only one collision of a free electron with a
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