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Abstract

This thesis consists of a study of the magnetic field di!usion equation
and magnetic equilibrium reconstructions using the transport analysis code
TRANSP and the free-boundary equilibrium code EFIT in the JET tokamak.
TRANSP uses the magnetic field di!usion equation to calculate the evolu-
tion of the current profile. The thesis includes a description of the TRANSP
code, with emphasis on the implementation of current di!usion. The pitch
angle predicted by TRANSP is compared with motional Stark e!ect (MSE)
polarimetry data. The accuracy of the TRANSP predictions depends on the
validity of the resistivity model employed. The comparison is carried out on
a large range of pulses, including cases of current hole plasmas (i.e. plasmas
with a region of close to zero current density around the magnetic axis).
In particular, the evolution of the pitch angle as the current hole contracts
is investigated. The TRANSP output is also compared to Faraday rota-
tion polarimetry, MHD and surface voltage data. In addition to comparing
TRANSP and EFIT output for consistency, the results confirm that a neo-
classical model of the resistivity is superior to the classical one in modelling
the evolution of the current profile in JET. The Hirshmann, NCLASS and
Sauter neoclassical models of resistivity and bootstrap current are employed
in the study. The invalidity of existing models of the bootstrap current in
the current hole region is reflected by the decreased accuracy of the pitch
angle predictions in these cases. This thesis also includes an assessment of
the interpretative iron model used in the EFIT equilibrium code. The e!ect
that modifications have on the EFIT equilibrium results are evaluated. Fi-
nally, the di!usion of the magnetic field in plasmas of non-uniform resistivity
is studied. The solution to the magnetic field di!usion equation in simple
cases of non-uniform resistivity is derived. It is found that a single quantity,
an e!ective di!usivity, describes the evolution of the magnetic field across
the plasma, even though the local resistivity varies. For resistivity profiles
based on a wide range of realistic plasma parameters, the magnetic field dif-
fusion equation is solved numerically, leading to a model of e!ective magnetic
di!usivity. TRANSP calculations of the magnetic field evolution are consis-
tent with the model. Separate approaches to finding the e!ective magnetic
di!usivity are suggested, including one based on the analytical solutions.


