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Solar Physics

Plasma: An ionized gas consisting of positive ions and free electrons
in proportions resulting in more or less no overall electric charge.
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About 98% of the visible
universe is a plasma.
I
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The Sun
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The ionosphere
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The Sun is too hot!
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How does energy from the
core heat the corona?
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The Solar Atmosphere and Waves

MHD Waves
In a magnetised plasma you would ‘hear’ me three times...

Source:
http://solar.physics.montana.edu/magara/Research/Topics/MHD_waves/HDcase.html

VAC / SAC
SAC is a fully non-linear magnetohyrodynamic solver
designed to solve linear or non-linear HD or MHD
problems on top of a static background.
I

SAC uses a 4th order central difference scheme with
hyper-diffusion/viscosity to stabilise the solver.

I

SAC is built on top of VAC the Versatile Advection Code, in
FORTRAN.

I

We are currently running SAC on the ICEBERG cluster here in
Sheffield.

I

All the simulations used here have a 128x128x128 resolution
and are run on 16 processors using MPI.
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Identifying Waves in 2D
I

In a uniform plasma you get three types
of wave: Fast, Slow and Alfvén.

I

In 3D tubes there are many more.

I

The direction of the perturbation with
respect to the magnetic field helps to
identify the wave.

I

The fast wave is the primary contributor
in the B⊥ direction

I

The slow wave is the the main influence
in the Bk direction.

I

In 3D this breaks!!

B

The 3D solution
Perpendicular to what?
Instead of perpendicular to a magnetic field line, we are going to
find the perturbation perpendicular a flux surface.

A Flux Tube Surface
VTK and Python almost in harmony

1. Create a ring of seed points (100).
2. Create 100 field lines from these
seeds.

3. Create a surface of triangles from
the parallel field lines.

4. Calculate the vector normal to each
triangle.

4.1 Check the vector is parallel
outwards.

5. Calculate the parallel vector as a
unit vector along the magnetic field.

6. Calculate the azimuthal vector as
V⊥ × Vk .

7. Interpolate then project the velocity
vector onto the new frame.

8. Have a coffee.

Moving Pictures!

Figure : Logarithmic Spiral Driver, Perpendicular Component

Moving Pictures!

Figure : Vertical Driver, Parallel Component

A Stacked Bar Graph

Some Conclusions

I

Simulations of wave propagation in the solar atmosphere were
on on ICEBERG.

I

Developed a method to reliably identify MHD waves in 3D
simulations.
I

Using VTK for speed.

I

Drivers with a torsional component drive mainly Alfvén wave.

I

Horizontal drivers excite mainly fast mode.

I

Vertical drivers excite mainly slow mode.

