Chapter 13  -  Figure Captions 
Figure 13-2 (b) A full disk image taken in the visible spectrum or white light at the National Solar Observatory/Sacramento Peak, New Mexico, on October 13, 1989.  This image shows sunspot groups and evidence of limb darkening. [SOHO (ESA & NASA).] 

Figure 13-4

This ultraviolet image shows a loop in the magnetic field, seen circling back toward the Sun, trapping hot gas in the chromosphere. [SOHO (ESA & NASA).]

Figure 13-8

 (b) A sunspot occurs where a bundle of field lines leaves and reenters the surface.  The areas where they leave and return to the surface become sunspots.  This very large spot on this part of the Sun’s surface is about 20 arc seconds in diameter.  The granular appearance of the Sun's surface is very apparent.  [(b) Institute of Solar Physics for the Royal Swedish Academy of Sciences. (c) SOHO (ESA & NASA).]

Figure 13-11

A hand drawing of the Milky Way from the perspective of a viewer at the Sun.  [NRL/RSD/NASA.]

Figure 13-13

(a) The combination of observations in the visible and radio regions of the spectrum reveal a spiral structure with a faint bar for the Milky Way.  To an observer looking down on the Galaxy from about 1 million parsecs, the Milky Way might look something like this.  The Sun is 28,000 c·y from the center in one of the spiral arms.  (b) Viewed from Earth, the center of the Galaxy is obscured by clouds of dust and gas that prevent most visible light from reaching us; however, it contains several areas of strong radio emission, the strongest of which is Sagittarius A*, a compact radio source that appears to dominate the large-scale motion of the galactic center.  This radio image (taken at 6 cm wavelength) is of the inner 8 c(y of the Milky Way.  The dark spot at the very center is Sagittarius A, which is very likely a huge black hole (see Section 13-5).  This image was made using the Very Large Array, a radio frequency interferometer made of 27 synchronized antennae with an effective diameter of about 40 km, located in New Mexico.  Its resolution is better than that of the best ground-based optical telescopes by about a factor of five.  [(a)  Gemini Observatory-GMOS Team. (b) HST Astronomy Imaging Workbench/Farhad Yusef-Sadeh /Northwestern University.]

Figure 13-18

The nebula 30 Doradus (a), also known as the Tarantula nebula, is believed to be older than nebula NGC 7293 (b), also known as the Helix nebula.  The Tarantula nebula’s rapidly expanding gas cloud consequently shows a greater degree of diffusion.  Located in the Large Magellanic Cloud, the Tarantula contains one of the most massive stars known, as well as supernova SN1987A, the very bright star at the lower right (of the left hand photo).  Ultraviolet radiation from stars heats the gas of a nebulae, causing it to radiate.  [(a) The Hubble Heritage Team (AURA/STScI/NASA). (b) NASA, NOAO, ESA, the Hubble Helix Nebula Team, M. Meixner (STScI), and T.A. Rector (NRAO).]
Figure 13-22

* Note – Figure 13-22 both photos are contained in just one file. The photo on the left is (b) and the photo on the right is (c). 

(b) The pulsar in the Crab Nebula.  As the cone of radiation swings to face Earth, light emitted from accelerated electrons becomes visible (the bright spot in the image).  (c) A fraction of a second later, the pulsar has turned and this light is no longer directed toward Earth.  Currently rotating about 30 times a second, the pulsar has a period that is increasing by about 10−5 s per year.  [(b) and (c) Harvard/Smithsonian Center for Astrophysics.]

Figure 13-24

In Hubble’s galaxy classification scheme (a) is an example of an elliptical galaxy, (b) illustrates an ordinary spiral, (c) is a barred spiral, and (d) is an irregular galaxy.  The Milky Way is thought to be a spiral with a faint bar.  [(a) NASA, ESA, and the Hubble Heritage Team (STScI/AURA).  (b) NASA and ESA. (c) NASA, ESA, and the Hubble Heritage Team (STScI/AURA). (d) NASA, ESA, and the Hubble Heritage Team (STScI/AURA).]

Figure 13-26

The redshifts of the Ca, H, and K absorption spectral lines are shown for five galaxies at different distances from us.  The line spectra above and below the absorption spectrum are standards used for determining the amount of shift accurately.  [California Institute of Technology.]

Figure 13-27

The 2dF Galaxy Redshift Survey (2dFGRS) is a major spectroscopic survey utilizing unique facilities built by the Anglo-Australian Observatory.  By the survey’s completion in 2002 it had recorded precise spectra for 245,591 objects enabling a wide range of new analyses including, for example, the first direct comparison with the microwave background anisotropy on the same spatial scale and studies of galaxy clustering to test inflationary cosmological models of the early universe.  The survey is integrated with the 2dF Quasi Stellar Objects survey.  [Matthew Colless and the 2dF Galaxy Redshift Survey Team.]

Figure 13-28

A map showing approximately 2 million galaxies ranging up to 2×109 c(y away.  The distribution of the galaxies looks essentially homogeneous and isotropic.  This is a composite of 185 contiguous photos taken by the Schmidt telescope at the European Southern Observatory.  The south Galactic pole is at the bottom center.  The four blank squares at the top are covered by photos not yet analyzed.  [S. Maddox (Nottingham U.) et al., APM Survey, Astrophys. Dept. Oxford U.] 

Figure 13-29

 (b) This detailed all-sky picture of the infant universe includes three years of WMAP data.  It shows 13.7×109 years old temperature fluctuations  that were the seeds that eventually became the galaxies and provides new clues regarding events that occurred in the first trillionth of a second following the Big Bang.  The range of the temperature fluctuations is ± 200 μK.  [NASA/WMAP Science Team.]

Figure 13-34

 (b) Stellar velocities in M31.  Newton’s law of gravitation requires that constant velocity implies 
[image: image1.wmf].  Thus, in  M31 much of the mass lies well beyond the visible extent of the galaxy, a very early indicator of dark matter.  (c) Galaxy cluster 1E0657-558 resulted from a small cluster passing through a larger one some time in the past.  Using this cluster as a gravitational lens for more distant galaxies made possible the mapping of the gravitational potential of 1E0657-588 (the large fuzzy ‘cloud’).  X-ray emission recorded by the Chandra X-Ray Observatory of the two central, darker portions of the ‘cloud’ reveal the hot gases (ordinary matter) of the two original colliding clusters.  The lighter portions to the outside of the ‘cloud’ are inferred to be dark matter. [The authors thank Vera Rubino for permission to use image (b). (b) Vera Rubin and Janice Dunlap. (c) X-ray courtesy NASA/CXC/Cfa/M. Markevitch et al.; optical courtesy NASA/STScI; Magellan/U. Arizona/ D. Clowe et al.; lensing map courtesy NASA/STScI; ESO WFI; Magellan/U. Arizona/ D. Clowe et al.)]

Figure 13UN1      

The solar flare shown on the upper left in this Skylab-4 photograph consists of 

charged particles confined by the magnetic field of the sun. [SOHO (ESA & NASA).]

*Note this might be different in the final text.  I was working off of the final pages copies to check the captions. Please check with the printed text (it might read right instead of left re: editorial query).
Figure 13UN2


Globular cluster G1 in galaxy M31 contains more than 300,000 stars.  G1 orbits the Andromeda galaxy, the nearest large spiral to Earth.  The two bright stars with "spikes" are in the Milky Way. [Michael Rich, Kenneth Mighell, and James D. Neill (Columbia University), and Wendy Freedman (Carnegie Observatories), and NASA.]

Figure 13UN3


Supernova 1987A developed a set of rings some weeks after it was first seen.  The rings are likely caused by a beam of high-energy radiation or particles sweeping across the gas.  The source of the beam may be a previously unseen companion of the star that exploded.  This Hubble Space Telescope photo was made with hydrogen Balmer alpha light.  [NASA, ESA, P. Challis and R. Kirshner (Harvard-Smithsonian Center for Astrophysics).]

Figure 13UN4


*Note – There are three photos labeled for 13UN4. 13UN4 FPO is the photo as shown in the text, with additional marking by the compositor. 13UN4 left and right are self descriptive but happen to be the photos without any marking by the compositor. We should put all three up in the gallery I think.  
White dwarfs identified by the Hubble Space Telescope in M4, the globular cluster closest to Earth (7000  c( y).  M4 contains more than 100,000 stars. [Kitt Peak National Observatory 0.9-meter telescope, National Optical Astronomy Observatories; courtesy of M. Bolte (University of California, Santa Cruz). (right) Harvey Richer (University of British Columbia, Vancouver, Canada). And NASA.] 

Figure 13UN5


A lone neutron star, the first seen in visible light, is very hot (about 650,000 K at the surface) and may be no larger than 28 km in diameter.  [Fred Walter (State University of New York at Stony Brook) and NASA.]

Figure 13UN6


This composite image of the Crab Nebula was made from an x-ray image recorded by the Chandra X-Ray Observatory and an optical image from the 
Hubble Space Telescope.  The inner ring is about 1 c( y across.  [Credits for X-ray Image: NASA/CXC/ASU/J. Hester et al. Credits for Optical Image: NASA/HST/ASU/J. Hester et al.]

Figure 13UN7


The series of Chandra X-Ray Observatory images on the left show jets of high-energy particles being produced near a black hole in a binary system, first on the left (top image), then on the right (middle image).  The jets are moving away from each other at about 0.5c.  In the lower image the left jet has disappeared. The schematic on the right illustrates how the jets originate.  The black hole draws mass from the normal companion, then intense electromagnetic forces in the accretion disk expel the jets of high-energy particles.  [Left: X-ray (NASA/CXC); Right: Illustration: (CXC/M. Weiss).]

Figure 13UN8


* Note- The photo that Ted provided shows two images. One we used in the text and an additional one showing the same image from a ground perspective. I’m pulling the caption for the photo on the right from the text and just doing a brief write up for the one on the left.
(Left) Disk around black hole in center of galaxy NGC 7052 as viewed from a ground perspective. (Right) Black hole in the center of galaxy NGC 7052.  The disk is 3700  c( y in diameter. The black hole, whose mass is about 300 million solar masses, will swallow the disk in a few billion years.  [Left and right: Roland .P. van der Marel (STSci); Frank C. van den Bosch (University of Washington); and NASA.]

Figure 13UN9

This map shows the locations of more than 2700 gamma-ray bursts recorded by BATSE aboard the Compton Gamma-Ray Observatory during its 9 years of operation.  The projection is in galactic coordinates, the plane of the Milky Way being the horizontal line through the middle of the figure.  The burst locations are color-coded based on the integrated energy over the duration of the burst.  [Image courtesy of the BATSE team, http://gammaray.nsstc.nasa.gov.]

Figure 13UN10


* Note – we have the image both with and without the markings. I don’t think that the other files are relevant for the gallery. I think that we should probably have both in the gallery and indicate that it’s the same photos, just one with the markings from the compositor and one without.
Radio galaxy 3C368.  The contours show the centers of strong radio emission. The bright knots may be regions of star formation in this elliptical galaxy.  [NASA, NRAO, VLA, HST, WFPC 2, M. Longair (University of Cambridge).]

Figure 13UN11


* Note – The photo we used is embedded in a grid of other photos (in the top middle position) that hold examples of quasar host galaxies. I think that we should use these other photos as the “other examples” of the photos that Ralph wants for the image gallery. Is there a way that we can cut them out or do I need to ask Ted? I think we should hold off posting the other photos in the gallery until Ralph writes an appropriate caption for them. 
Debris from the catastrophic collision of two galaxies may be fueling quasar IRAS04505-2958.  The quasar is about 3×109 c·y from Earth.  Astronomers believe the collision ripped out the core of a spiral galaxy (bottom of the picture).  The ring lies in front of the quasar (the bright object in the middle) at a distance of 15,000 c·y (one-seventh of the diameter of the Milky Way).  The bright object just above the quasar is a foreground star.  [John Bahsall (Institute for Advanced Study, Princeton), Mike Disney (University of Wales), and NASA.]

Figure 13UN12

The faint red streaks are the galaxy’s image as gravitationally lensed by galaxy cluster Abell 2218.   Its redshift of 6.6 puts it about 13×109 c·y from Earth moving away from us at about 0.97c.  The light that formed this image left the galaxy when the universe was only 700 million years old.  [NASA, Andrew Fruchter and the ERO Team (Sylvia Baggett (STScI), Richard Hook (ST-ECF), Zoltan Levay (STScI).)]
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