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Popular scientific summary

For more than half a century the realization of fusion power has been a dream of physicists and 
politicians alike. It is an energy source so abundant that it could satisfy global electricity demands 
more or less indefinitely. However, the challenges associated with making the dream come true 
have proven bigger than anyone had expected when the first steps were taken. The most promising 
reaction for utilizing fusion in a power plant is the merging of the nuclei of two isotopes of 
hydrogen: deuterium and tritium. Due to being positively charged, the nuclei repel each other and in 
order to fuse they must be made to collide with sufficient energy to overcome the repelling force. 
One method to make this happen, which over time has proven itself to be the most credible for large 
scale electricity production, is to mix deuterium and tritium gas and then heat the mixture to 
temperatures in the order of a hundred million degrees Celsius. At such a high temperature the 
average kinetic energy of the particles in the gas is large enough for the sought collisions to occur 
frequently. It is also enough to completely separate electrons from their nuclei, and the resulting 
state is referred to as a plasma. Trying to put this plasma in a power plant and harness the energy 
that is produced by the fusion reaction is immensely difficult simply because the plasma cannot be 
contained by conventional means. If one tries to put it in a chamber the wall of that chamber gets 
violently eroded by particles slamming into it at high energy. The conditions required to maintain 
the plasma are also quickly disrupted due to particles and energy being lost to the wall at an 
uncontrollable rate. Methods to contain a plasma have thus been the topic of much of the research 
that has been done in the field of fusion. One of the predominant methods of confinement today is 
to force the charged particles (electrons and nuclei) into a limited region of space by applying 
strong magnetic fields. In a machine that employs such a method it is imperative to have a very 
exact knowledge about both electric and magnetic fields that exist in the plasma.

The paper summarized here treats a method of measuring electric fields in a new way that provides 
minimal interference with the conditions inside the plasma. The method is based on the fact that 
interaction with an electric field causes transitions between the different energy states of the 
electron in a hydrogen atom. By preparing hydrogen atoms in a specific state and launching them 
into the plasma, it is possible to observe the radiation that is emitted as a result of such transitions 
and draw conclusions about the properties of the electric field. Using quantum mechanical theory, a 
relationship between field amplitude, frequency and radiation intensity is derived. An experimental 
set-up specifically designed for the task has been used to verify this relationship and show that the 
described effect can indeed be used to measure electric fields. Deviations from the theoretical 
predictions in the case of very strong fields have been accurately described and methods have been 
developed to take these deviations (referred to in the paper as oscillatory and geometrical 
saturation) into account.

The new method has been implemented to measure the profile of the electric field between two 
polarized plates both in vacuum and in the presence of a plasma. The results have been shown to 
provide correct information about the profile as a whole and especially the behavior of the field in a 
thin layer close to one of the plates (the Debye sheath). Possibilities to study wave patterns caused 
by time varying fields have been explored to some extent. Optimization of the experiment itself has 
also been carried out and effects of charge accumulation in the experiment chamber as well as 
problems with pulsing the beam of hydrogen atoms that is used for the measurement have been 
treated.

Finally a conceptual idea for the implementation of the new method in a plasma machine has been 
conceived and presented.


