














study of the structure of the cosmological background radiation is one of the absolutely most
important methods of attaining knowledge about the early history of the Universe.

The background radiation can also be used to find out how the matter of the Universe
was distributed a long time after Big Bang. During the billions of years it has taken to reach
us, the light particles or photons in the background radiation have traversed galaxies and
clusters of galaxies. The photons can be affected by the clusters of galaxies, for instance
through collisions with the electrons in the hot clouds in which many of these clusters are
embedded. This effect is called the Sunyaev-Zeldovich effect and combined with other
measurements, of x-ray radiation in particular, it can offer vital clues about the features
of our Universe. In this way help can be found in measuring distances to clusters of galax-
ies and more information can be provided about dark matter and dark energy, which are
assumed to form a major component of the Universe but about which we still do not know a
great deal.

Figure 7.

Image captured by the Hubble Space Telescope of an enormous cluster of galaxies g billion light years away from Earth.
With the help of the Sunyaev-Zeldovich effect the next generation of radio telescopes will be able to detect clusters of
galaxies considerably further away, at the very boundaries of the visible Universe. Unlike radiation in the visible wave-
lengths, as in this image, the Sunyaev-Zeldovich signal does not become weaker because of distance. Image: Hubble Space
Telescope, NASA, ESA, J. Blakeslee (JHU), M. Postman (STScl) and P. Rosati (ESO), http://hubblesite.org

Sunyaev has combined theory and observation as few others have. The observations of the
cosmological background radiation and high-energy radiation from the cosmos that Sunyaev
has pioneered constitute one of the absolutely most important and active areas in modern

astronomy. Sunyaev continues to be a leading figure in these areas.

LINKS AND FURTHER READING

Articles:
“A Universe of Disks” (2004) by Omer Blaes, Scientific American Magazine, October 2004, 8 pp.

“Cosmic microwave background radiation” at Science Daily. Read the full article and watch graphics at:
www.sciencedaily.com/articles/c/cosmic_microwave_background_radiation.htm

“The Cosmic Symphony” (2004) by Wayne Hu and Martin White, Scientific American Magazine, February
2004, 10 pp.
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Books:
“The Elegant Universe — Superstrings, Hidden Dimensions, and the Quest for the Ultimate Theory” (1999) by
Brian Greene, W.W. Norton & Company, 464 pp.

“Gravity’s Fatal Attraction: Black Holes in the Universe” (1998) by M. Begelman and M. J. Rees., W. H. Freeman
and Company, 246 pp.

“Enumerative Geometry and String Theory” (2006) by Sheldon Katz, American Mathematical Society, Institute
for Advanced Study, Student Mathematical Library, Vol. 32, 206 pp.

Links:
Many links to articles at Edward Witten’s homepage: http://www.sns.ias.edu/~witten/

Search for “Knot theory” at Wikipedia. Lots of images.

WMAP (see figure 6 page 5): http://map.gsfc.nasa.gov

Black holes: http://hubblesite.org/explore_astronomy/black_holes/index.html|
and http://hubblesite.org/explore_astronomy/black_holes/modules.html
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