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Our sun continually emits charged particles into space, creating the tenuous solar wind that blows to the far reaches of the solar system. The solar wind is made up primarily of protons and electrons but overall it is electrically neutrally. It is an example of the fourth state of matter, which physicists call "plasma". Space plasmas, such as the solar wind, are very complicated media. They exhibit some of the normal properties of fluids but much of their behaviour is due to their electrical and magnetic nature.

When the solar wind reaches Earth its magnetic field interacts with that of Earth. One result is that the solar wind is forced to flow around Earth and so is prevented from penetrating deeper into our atmosphere. However this isolation is not complete and some solar wind particles cross into Earth's outer atmosphere, known as the magnetosphere. The magnetosphere is itself a plasma medium so many interesting and complex interactions are initiated by the impact of the solar wind at its boundaries located at altitudes of 40,000 km and more. Once under the control of Earth's magnetic field, much of the energy originating from the solar wind is transferred along the magnetic field lines to the lower altitudes of the high-latitude ionosphere (100 - 1000 km altitude). As a consequence a wide variety of interesting phenomena occur in Earth's magnetosphere-ionosphere system, such as aurora and radio blackouts  and a host of low frequency radio emissions (e.g. whistlers, dawn chorus, lion's roar, auroral kilometric radiation). 

The sun is very volatile causing the properties of the solar wind plasma to vary continually. The solar wind pressure, velocity and magnetic field all vary, often quite suddenly. The boundary between the solar wind and Earth's magnetosphere can change thousands of kilometres almost instantly. This leads to rapid changes in the aurora and other solar wind related phenomena, including rapid changes in the strength and direction of the magnetic field at the surface of Earth. These magnetic storms are now recognised as being just one of the many impacts of changing space weather. The need to understand the physical processes that determine space weather and the need to be able to forecast space weather is taking on increasing importance as we develop more satellite dependent technologies. At La Trobe we have two new research programs addressing this problem. The first is the TIGER (Tasman International Geospace Environment Radar) which began operations last December. It is an HF radar that probes the ionosphere between Tasmania and Antarctica, locating the aurora and other phenomena and measuring their development and decay. The second is a radio beacon experiment for Australia's FEDSAT to be launched in 2001.

This lecture will describe many of the phenomena listed above with particular emphasis on the underlying basic physics. 

