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Background

Abisko is in the auroral zone and is often free from cloud in both summer and winter. More or less active aurora occurs every night so the only forecast that is needed is to predict clear skies. To detect the light from the aurora it also has to be dark, so winter is the relevant time of year.
A project called Norrskensporten (Gateway to the Aurora) has been started in Lycksele with the intention of by means of an exhibition there point out the way to space activities in Upper Inner Norrland (Lapland) from Lycksele in the south to Abisko in the north. The exhibition opened at the start of May 2005 and is called The Aurora Codes. It is a popular science exhibition based on fundamental physics which can be used to describe the aurora. The physics span the range from atomic physics to large-scale space physics. The latter has plasma physics as one of its elements and the former has quantum physics.

Within the exhibition a local art teacher has put together a display on colours. Since the aurora can sometimes (not often but not infrequently) have strong, clear colours, it is interesting to understand colours and how we describe them.

Norrskensporten (Gateway to the Aurora) also has activities along the inland highway in Moskosel and Porjus, and has a natural extension in a project called Norrskenslandet (Aurora Country) in which Abisko is the northern part and Lycksele the southern. 

The exhibition in Lycksele has as its basis radio waves in the ionosphere since an ionospheric observatory was established there in 1958. The intention was to study how the aurora influenced the reflection and spread of radio waves, especially short-wave, in the ionosphere. Lycksele is in the southern part of the auroral zone and the exhibition there is characterized as a gateway to the true auroral zone. This means that the exhibition in Lycksele can be a little more imaginative and mystical before the journey further north into Aurora Country.

The equivalent exhibition in Abisko will have aurora itself as its basis. As it is a scientific exhibition the emphasis will be on observing, measuring and modelling the aurora practically/theoretically. The observations can be made with the help of both hearing and sight. The measurements can be made with both radio receivers and digital cameras, (video and still). The modelling can be both mathematical, mechanical, computer animations and gaming. In contrast with Lycksele, here one is in the intensive auroral belt and aurora is ever-present. 

Ionospheric and magnetic measurements were made in Abisko at the start of the 1900s so the exhibitions in Lycksele and Abisko will complement each other and provide entry points to an understanding of the aurora from two separate directions. 
Visual experiences

With various types of optical filters one can observe aurora and learn about it. To sit comfortably with much of the sky visible makes for a memorable experience of the night. In the evening one can see speculative eruptions and later on in the night calm, pulsating aurora. Both types are easy to explain and those with a little imagination can take a flight of fancy far out into space once one has understood the underlying phenomena.
Audio experiences

With simple audio amplifiers attached to vertical metallic rods it is possible to register, listen at, electromagnetic oscillations in the atmosphere: atmospherics, tweeks, whistlers, chorus, hiss etc. These oscillations may or may not come from the aurora itself, but they are of the same kind as those out in space where they are part of what forms the source of the aurora.

Measurements

With the help of star charts and luminous boards one can sketch how the aurora proceeds across the sky. Simple rules allow one to draw realistic auroral structures. For instance aurora is built up of rays pointing at magnetic zenith, a definite point in the sky which varies from place to place. 

With the help of light-sensitive video cameras one can during calm conditions observe weak aurora, which is actually the most interesting, as activity on the sun has not then disturbed the Earth’s magnetosphere. On such occasions one may be able to see real black aurora, which is a complement to the lighter variety. The flow of electrons down to our atmosphere can not only increase but even decrease. In completely calm conditions there is always a diffuse flow of electrons over the whole sky, and with it a diffuse, weak aurora. This diffuse flow can increase, causing lighter aurora, or decrease, giving weaker aurora. In the latter case it appears black. In both cases one gets the same kinds of formations, spirals and bands. But usually one has to intensify the light in order to see it and this one can do with light-sensitive video cameras, allowing one to see motions that one would not want to miss.
Comprehensive descriptions

Eruptions from the sun move towards the Earth and stimulate the oscillations of the plasma in the magnetosphere which surrounds us, the Earth’s magnetic field with its trapped charged particles.

The Mathematics/Philosophy of the Aurora

The movements of particles in the Earth’s magnetic field and simple waves in the magnetosphere are described with the help of drawings and equations. Something as exotic as “Magnetic Reconnection” is described and explained.

Descriptions of colours and the light/darkness dichotomy is discussed with respect to black aurora.
Mechanical Models of:

Alfvén waves, resonance, adiabatic invariants, Landau damping both linear and non-linear!

Static models of molecules, auroral arcs, the sun, Earth, the magnetosphere…
Computer Games and Animations

With a computer game or interactive computer programme one can study the apparent behaviour of the aurora in the heavens viewed from different places on Earth and in outer space.
In the same way one can play with mixtures of colours and generate the various colours of the aurora with their different time scales.
One can compare controlling the movements of charged particles in the magnetic field with a top that one tries to steer!

One can observe electromagnetic oscillations from low frequencies, Alfvén waves (Hz), via moderate frequencies, whistlers (kHz), via high frequencies, short-wave radio (MHz) to finally gHz waves, as used in the EISCAT radar and GPS.

The frequency is changed manually and an electron’s and a proton’s movement in the magnetic field are shown together with the behaviour of the associated waves.

Excitation and the following emission of a photon is illustrated with classic and quantum physical reasoning. The light of the aurora is generated by individual atoms, ions, after it has received energy from electrons in the magnetosphere. It is the atoms and ions which determine the colours and how long they glow.
Time schedule.

20.11.2006

The main part of the exhibition is ready for a preliminary demonstration: 

Functional models for Alfvén wave, cold plasma-wave, hot, non-magnetized plasma wave and a magnetized plasma wave, a whistler.

A two-dimensional cross-section through the magnetosphere is modelled by two glass-plates (back-lighted) for different modeling scales.

One of these models is connected to a model of the sun placed 50 m away (in the same scale).

Two headphones, for recorded and actual VLF/atmospherics, are installed.

One computer for visualization of aurora/plasmaphysics is installed and controlled by the visitor.

One screen for a local sensitive black/white video camera equipped with a 5577(green light)aurora. Will be complemented later with two cameras, one for 4278 (blue,fast) and one for nitrogen-6700 (red,fast).
Some texts are placed in connection with the different models.

Entry to the exhibition room is designed to exclude the entry of light from outside.

This leaflet will be available for visitors.

Flourescent drawing plates and magnetic monitors can be borrowed by the visitors.

31.12.2006

  Additional models for Landau damping and reconnection are introduced.

  A 5.1 sound system for the VLF is in a preliminary shape. 

  An almost complete set of texts is displayed and a leaflet for visitors is available.

31.09.08  
The exhibition is in its final, extendable shape! 

In connection with Lycksele, Porjus and Moskosel it is possible to study the Aurora over a big area. Together with magnetic field measurements  at the four places and internet  a view of magnetic- and auroral-substroms will be possible.
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