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Research/Employment Background
During my four years in research (three as a PhD student at Manchester) I have mostly worked on the
modelling of coronal loop kink instabilities. Coronal loops are magnetic fields that pass through the dif-
fuse outer atmosphere of the Sun. The loops begin and end at the solar surface or photosphere; hence,
convection motions at these photospheric boundaries can result in a buildup of free magnetic energy within
the loop. At the same time, the loop becomes more susceptible to instability. The main aim of my PhD
was to investigate the distributions of energy release events that are generated when whole ensembles of
loops achieve instability onset. It is thought likely that the cumulative effect of ubiquitous but small energy
releases (e.g., nanoflares) could explain the coronal heating problem: i.e., the reason why coronal temper-
atures are orders of magnitude higher than those observed at the photosphere. The purpose of my research
therefore, has been to study the plausibility of this idea by developing and running magnetohydrodynamic
(MHD) models of idealised coronal loops.

My most recent paper (Bareford et al. 2013) has shown strong evidence for a defined relaxation pro-
cess, otherwise known as Taylor relaxation (Taylor 1986), in various numerical simulations of marginally
unstable loops. This process stipulates that an unstable loop should relax to the lowest energy state that
conserves magnetic helicity and axial flux. Furthermore, the relaxed state is linear and force-free (i.e.,
∇ × ~B = α~B ); hence, an upper limit for the energy released by an instability is straightforward to cal-
culate and a comparison can be made with the energy required to heat the solar corona. The simulation
results also revealed that magnetic energy is thermalised via shock heating (the contribution of Ohmic
heating within current sheets is minimal). Moreover, it seems likely that these shocks are generated by
plasma flows close to sites of magnetic reconnection.

In the last year I have sought to simulate more realistic loops by experimenting with such features as
density stratification, convective driving, thermal conduction and radiation. Hence, the time I have spent
as a research assistant at St Andrews has more or less been an extension of my PhD work, so I would be
keen to move into a different but related area, such as the modelling of stellar interiors.

Previous to my research career, I was employed as a computer programmer, specialising in secure payment
systems and e-commerce, over a period of ten years (1995-2005). The majority of that time was spent
working for Thales e-Security Ltd (2002-05, 1996-2000), where I mainly programmed in C, C++ and
Java. Since then, I have programmed in FORTRAN 77 in order to perform linear ideal MHD analyses on
straightened coronal loops, and I’ve used a a Lagrangian-remap Fortran 90 code, called LARE3D (Arber
et al. 2001), to run nonlinear MHD loop simulations. The results were analysed using gnuplot, IDL, and
VisIt.
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