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A figure showing four snapshots of a collision between two main-sequence stars
(top-left to bottom-right). The density of the gas in the plane of the collision is shown
here (white is for the highest densities, black for the lowest densities). For this collision,
the original stellar masses are 0.8 M. and 0.6 M and the cores of the two stars passed
within one quarter of the sum of the stellar radii. As a result of the collision, the two
stars merge to form a single object.

Auroral emissions, as seen from the ground (Photo courtesy of Jouni Jussila).
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Jupiter’s space environment, with moons lo, Europa and Ganymede (insert:
Jupiter’s aurora, as seen in the UV). (Illustration courtesy of John Clarke.)

The left-hand figure shows a full Sun image in white light, and the right-hand
figure shows an X-ray image of the Sun both taken on the same day. The darkest spots
on the white-light image show the source of the most intense magnetic field. This cor-
responds to the brightest regions of X-ray emission. Courtesy of S. Matthews and the
Yohkoh team.
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Active region 10486, which had grown to one of the largest sunspot seen by
SOHO, unleashed a spectacular eruption on 28 October 2003. The second largest flare
observed by SOHO hurled out a fast-moving Coronal Mass Ejection. The top left figure
shows the magnetic field of the active region - seen as the darkest region on the disk. The
top right figure shows the flare as seen in EUV - it shows as intense brightness which
even saturates the detector. The bottom left figure shows the coronal mass ejection
appear in the coronagraph (LASCO) and is heading towards Earth. This coronagraph,
LASCO-C2 observes out to 6 solar radii. The bottom right figure shows the ejection
hurled further away from the Sun, reaching out to 30 solar radii. By the time it appears
in this coronagraph, high energy particles have reached the detectors causing the ‘snow’
effect seen in this image. The solid white circle shows the size of the Sun’s disk in the
bottom images.As a result of this storm, aurora were seen as far south as Dublin, Ireland!.
Courtesy of the ESA/NASA SOHO team.



A soft X-ray image of a coronal loop just before a coronal mass ejection lifted
off. The structure shows an ‘S-shaped’ structure that illustrates twisted and sheared
magnetic field. This particular event was studied intensively by Sterling and Hudson,
and an ‘S-shaped’ structure is now used as a proxy for a region that is likely to produce
a coronal mass ejection.

An example of how twist and writhe can be achieved in a magnetic flux tube
(Démoulin and Berger)
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An example of a coronal wave. This is a time series of difference images from
the EUV Imaging Telescope on board SOHO. There is a bright front which propgates
across the disk in less than an hour. A strong region of coronal dimming lags the front.



The Sun at the west limb in soft X-rays. There are two bright active regions at
the limb that are connected by a larger magnetic loop.
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Global pattern of statistical significance of solar forcing versus temperature at
500 mb for the eastern phase of the equatorial Quasi Biennial Oscillation during the
Northern Hemisphere winter showing clear influence in the North Atlantic storm track
region. The data was obtained from the National Center for Environmental Prediction 40
year global climate reanalysis project. (Courtesy of Wesley Ebisuzaki and Chris Calvey).
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limatology of seasonally averaged zonal mean temperatures for the Northern
e winter for the middle atmosphere and lower thermosphere. The stratosphere
m between the temperature minimum around 15 km and the maximum at 50
the mesosphere is the region of decreasing temperatures above that. (Taken
[SIS-90E climate reference model Hedin A. E. 1991 J. Geophys. Res. 96 1159.)
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Climatology of seasonally averaged zonal winds for the Northern Hemisphere
winter. (Taken from the Empirical Wind Model Hedin A. E., E. L. Fleming, A. H.
Manson, F. J. Schmidlin, S. K. Avery and S. J. Franke 1993 NASA Tech. Memo. 104581.)
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8 Model simulation of temperature difference between (a) solar maximum and
(b) solar minimum conditions in the Northern Hemisphere stratospheric winter. The plot
is a cross-section of the stratosphere at ca. 40 km altitude. The polar vortex has cooled
by up to 6 K, as mixing due to planetary wave activity has been suppressed.
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NCEP climate reanalysis air temperature anomalies at 25 km from 40 year
mean. (a) 1991 a year with western phase QBO and solar maximum (b) 1974 a year with
western phase QBO and solar minimum.



6-cim radio image of the classic radio galaxy Cygnus A (courtesy Chris Carilli).

Molecular Hydrogen Gas
Neutral Hydrogen Gas
Plasma Radio Jet

~130,000 light years

Neutral Hydrogen Gas ~800 light years

Left: Radio image of neutral hydrogen gas in the spiral Seyfert host galaxy
NGC 4151%2; Right: composite image of the central regions of NGC 4151 showing a
1.4-GHz radio image of the well-collimated plasma jet surrounded by an obscuring torus
of molecular hydrogen imaged at 2.2um?? and an inner ring of neutral hydrogen inferred
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This schematic figure illustrates how the universe may have evolved (time run-
ning right to left) from a largely neutral state (white in this representation) at early
times to being completely ionized between the galaxies at the present day (coded black
here). UV photons from the first stars and to some extent the first quasars, probably were
responsible for the reionization, and therefore the process is thought to have proceeded
through the gradual merging of growing regions of ionized gas surrounding nascent galax-
ies. However, the details are still murky, due to the extreme difficulty of observing these
early objects. For instance, it has been suggested!'? that the process may in fact have
taken place in two relatively rapid stages (lower panel) rather than a single. drawn-out
phase (upper panel). Potentially GRBs may provide the search lights which allow us to

see into this region of the universe for the first time.
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