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			Introduction

			This unit is from our archive it is an adapted extracted from the module The energetic Universe (S381) that is no longer in presentation, although other courses in this topic are available to study. Science


				This unit begins by studying evidence leading to our basic hypothesis that active galactic nuclei (AGN) are accreting, supermassive black holes. It also covers some physics of radiation which you will need to be able to interpret the observed emission of AGN, and includes  an examination of AGN.

				You will be studying a young subject and there are fundamental issues which are still being vigorously debated by the experts and are subject to current research activity. Consequently, it is not possible to give clear definitive explanations of all aspects of the subject.

				You may already have become accustomed to reading unfamiliar words and phrases. In this unit, you will not only encounter new and specialised vocabulary, you will meet ideas which are currently being shaped and tested. Do not be dismayed if you fail to immediately grasp the underlying principles behind some of the material you will read: it is possible no-one has yet elucidated them!

		Learning outcomes

By the end of this unit you should be able to:	recognise the terminology which is used to describe the properties and behaviour of active galactic nuclei (AGN);
	manipulate numbers, algebraic symbols and mathematical functions in equations.


					1 Meet your first active galactic nuclei

					
						Figure 1 compares two nearby spiral galaxies of similar distance and type. NGC 5548, on the left, has a brighter nucleus than that of NGC 3277, on the right. This extra emission from the central regions of NGC 5548 is not generated by stars. Instead this light is thought to be ultimately powered by material falling in the gravitational field of a supermassive black hole at the centre of NGC 5548. Similar non-stellar emission is also seen at the centre of many other galaxies. These bright central regions are generally known as active galactic nuclei or AGN. In this unit you will gain an overview of these enormously energetic objects and how they are observed and studied.


  [image: Figure 1]
Figure 1 Optical images of the nearby spiral galaxies (a) NGC 5548, (b) NGC 3277. Note that the nucleus in NGC 5548 appears brighter than that in NGC 3277. It is the very concentrated bright central source in NGC 5548 which causes the diffraction pattern apparent as the diagonal spikes emanating from the centre of image (a)
[bookmark: d0e134]Show description 1


	
					The first AGN was discovered in 1908 when E. A. Fath took a spectrum of M77, also known as NGC 1068. This nearby spiral galaxy is shown in Figure 2. Carl Seyfert was the first to realise that there were other similar galaxies, when he discovered that NGC 1275, NGC 3516, NGC 4015, NGC 4151 and NGC 7469 all had spectra similar to that of NGC 1068. Consequently these objects, and others like them, are called Seyfert galaxies.

					[image: Figure 2]

							Figure 2 An optical image of Messier 77, also known as NGC 1068. This image was produced by combining exposures made with several different filters to give the colour, and has been processed to reduce the contrast between the brightest and faintest regions, so that more of the detailed structure is visible
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					2 Black holes: a reminder

					You may have previously met the formation of a black hole at the end of the life of a massive star. Accreting black holes, which were formed in this way, are members of close binary star systems.

					A black hole is formed when self-gravity causes material to collapse to such high densities that the escape speed (or escape velocity) reaches the speed of light. Using Newtonian dynamics we can calculate the magnitude of the escape velocity from planet Earth (mass M
						E, radius R
						E) by saying that the kinetic energy of a mass m travelling vertically upwards with speed [image: no alternative text]esc must equal the change in gravitational potential energy required to completely escape from the Earth's gravitational field, i.e.
[image: no alternative text]
					

					Cancelling the common factor m and recognising that the second term on the right-hand side is zero, this becomes:
[image: no alternative text]
which means

[image: ]

					To self-consistently calculate the magnitude of the escape velocity from an object with a density so high that the escape velocity reaches the speed of light requires the use of general relativity, which is beyond the scope of this unit. By a lucky coincidence, however, the correct general relativistic result is exactly what we obtain by setting [image: no alternative text]esc = c in Equation 1. That is to say, a black hole is formed when a mass M collapses to within a sphere of radius RS, where

					[image: ]

					RS is the Schwarzschild radius, which is the radius of the sphere surrounding the collapsed mass at which the escape speed equals the speed of light. Within this sphere is a region of spacetime which is cut off from the rest of the Universe, since neither light nor any other form of information can escape from it. The sphere itself is known as the event horizon. Immediately outside the event horizon is a region of spacetime in which there is an extremely strong gravitational field.

					A black hole forms at the end of the life of a massive star because there is no pressure source sufficient to oppose the self-gravitational contraction of the remnant star core. Similarly, if a much larger mass collapsed under self-gravity, a black hole would ultimately form, and indeed it is now thought that black holes of mass M [image: no alternative text] 106M[image: no alternative text] are present at the cores of most (or possibly all) galaxies.

				
					3 AGN reside at the centres of galaxies

					
						3.1 AGNs

					It is clear that the objects studied by Fath and Seyfert, such as those shown in Figure 1 and Figure 2, are bright nuclei at the centres of apparently otherwise normal galaxies. For many AGN this fact is not immediately obvious. One of the two bright objects in Figure 3 is an AGN, the other is a foreground star in our own Galaxy. It is impossible to tell from the image which is which. Like many AGN, this one appears as a point source of light, just as stars do. Hence their discoverers called these objects quasi-stellar objects or QSOs, which have been contracted to quasars. Seyferts and quasars are among the subclasses of AGN.

					Initially only AGN which were detected as radio sources were called quasars as opposed to QSOs. Now most astronomers use the terms interchangeably.

					[image: Figure 3]

							Figure 3 This image, taken by the Hubble Space Telescope, shows two very bright objects which appear to be point sources of light. Both these bright objects show diagonal spikes which are caused by diffraction of light within the telescope. The bright object at the centre of the image is an AGN, the other bright object (to the right of the AGN) is a forground star in our own Galaxy. Also apparent is a faint elliptical galaxy just above the AGN, a distorted spiral galaxy towards the top of the image, and a scattering of other galaxies
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						3.2 QSO spectra

					It only became apparent that these quasi-stellar objects were not stars when their spectra were examined. At first astronomers could not interpret their spectra because the spectral lines did not appear at appropriate wavelengths for atoms of any known chemical element. The spectrum shown in Figure 4 provided the breakthrough: Maarten Schmidt identified the three indicated lines as common emission lines of hydrogen, but redshifted by a factor

[image: ]

              where z is redshift;

              ∆λ is wavelength shift;

              λ0 is rest wavelength.

					[image: Figure 4]

							Figure 4 An historic QSO optical spectrum, which was taken using a photographic plate. The darker areas are regions where the intensity of light is higher. The top rectangle is the spectrum of the radio galaxy 3C 273, while the lower rectangle is the spectrum of a comparison emission line source. In both spectra three common lines of hydrogen have been indicated. The lines in the spectrum of 3C 273 appear at a redshift z = 0.158
[bookmark: d0e367]Show description 4


					If this redshift is interpreted as cosmological (i.e. due to the overall expansion of the Universe described by Hubble's law) then the distances to these QSOs are huge, and their luminosities prodigious. For example, Schmidt's redshift measurement would imply that the point optical source 3C 273 is 100 times as luminous as the entire Milky Way Galaxy! Naturally there was some reluctance to adopt this interpretation, and a few sceptics vigorously persisted into the 1980s in advocating the view that the QSOs were much closer than Hubble's law would imply.

					SAQ


						
							Question: How would these sceptics have explained the measured redshifts of QSOs?

						

						[bookmark: d0e385]Show
              answer


					
					
					Just as in democratic politics, the scientists who argue a minority viewpoint perform an invaluable function by ensuring that the accepted view indeed stands up to all possible rational criticism. Any scientist who has never been proved wrong has probably had a very dull career.

					
					
						3.3 Luminosities

					The issue of whether QSO redshifts are of cosmological origin was unambiguously settled by the work illustrated in Figure 5 (particularly the two leftmost panels). When sensitive enough observations are made, the galaxies in which the quasars reside can be detected. The relatively faint emission from the surrounding stars, gas and dust is called quasar fuzz. Since quasar fuzz is clearly emission from distant galaxies, each with the same redshift as the quasar they contain, the redshifts of quasars must be cosmological.

					[image: Figure 5]

							Figure 5 Images taken with the Hubble Space Telescope of six quasars
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					In each case in Figure 5 the quasar itself was overexposed, so that very faint emission surrounding the central point source could be detected. In each case shown in Figure 5 faint nearby emission was discovered from stars in a galaxy. (Top left) PG 0052+251 lies at the centre of a normal spiral galaxy. (Top centre) IRAS 04505–2958 (the central source) has apparently recently collided with the spiral galaxy whose remains lie towards the bottom of the image. The distance between the quasar and the galaxy is one-seventh the diameter of our Milky Way. (Top right) The plumes of emission are from dust and gas which PG 1012+008 has apparently captured in a collision with a nearby galaxy. (Bottom left) PHL 909 is at the centre of a normal elliptical galaxy. (Bottom centre) The quasar PG 1012+008, at the centre of the image, is merging with the galaxy whose core is the bright object just below it. Wisps of dust and gas show material which is being pulled away from the galaxy by the quasar's gravity. (Bottom right) IRAS 13218+0552 appears to be at the centre of two galaxies which have merged.

					Once we accept that the redshifts of quasars are cosmological, there is no way to avoid the conclusion that they have huge luminosities. The emission from the quasar PG 0052+251, shown in the top-left panel of Figure 5, is clearly brighter than that of the entire surrounding host galaxy, even though in this image the quasar itself is overexposed.

					The observation that the active nuclei of even the closest Seyfert galaxies appear as unresolved point sources of the light immediately suggests that the luminosity of an AGN is generated within a volume which is small compared to the size of a galaxy. More stringent limits on the size of the emitting region in AGN arise from considering their variability (i.e. how the luminosity changes with time). In some sources the luminosity changes significantly over a few days. This means that the time, ∆t, for light to travel across the entire source must be only a few days, because otherwise the changes in luminosity would be smoothed out by the delayed arrival times of the photons from the more distant regions of the source. This can be expressed mathematically by the general requirement that

[image: ]

where l is the size of the emitting source and ∆t is the timescale for observed variability. Using this to work out the size limit corresponding to a light travel time of a few days we have:
[image: no alternative text]
where we have adopted ∆t = 10 days, converted this into seconds, and used an approximate value for the speed of light: c≈3 × 
1010 cm s−1. Evaluating, and retaining only 1 significant figure, we have
[image: no alternative text]
which can be converted into length units more convenient for astronomical objects:
[image: no alternative text]
					

					
					
					
					
					
						3.4 The Eddington Limit

					Thus the observations require that a luminosity of around 100 times that of the entire Milky Way Galaxy be generated within a region with a diameter only about 1000 times that of the Earth's orbit! (A truly amazing statement.)

					The most obvious mechanism for generating such enormous luminosity within such a tiny region of space is an accretion process, but  instead of perhaps more familiar compact stars with masses ~M[image: no alternative text], the accreting object is required to be a black hole with mass M ~ 108M[image: no alternative text]. The accretion luminosity, L						acc, generated by an object of mass M and radius R* is

[image: ]

where [image: no alternative text] ( = dM/dT) is the accretion rate.

SAQ


	
		Question: Why are astronomers forced to infer the existence of supermassive black holes rather than attributing the luminosity of quasars to a very high accretion rate onto a mass M ~ M[image: no alternative text]?
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              answer



					
					Sir Arthur Eddington (Figure 6) was responsible for many of the underpinnings of modern astrophysics, including the concept of the limiting Eddington luminosity. Beyond this limit, radiation pressure will cause outflow.

					[image: Figure 6]

							Figure 6 Portrait of Sir Arthur Eddington
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					Activity 1: Context: AGN, a developing research field


							Read the following extract, which sets the contents of this unit in the context of accretion in binary stars.

							
							Observations

								Accretion on to stellar mass objects occurs in a wide variety of systems and yields a wide variety of observational behaviour. While there may be many arguments over detailed models, the broad basis of these differences is largely understood. Active galactic nuclei also come in many observed forms. From an observational viewpoint, they can be defined as apparently stellar sources but with non-thermal spectra, and, in cases where they can be determined, significant redshifts. Beyond this, we find a wide variety of properties, which we shall classify in more detail below. But in these cases it is not at all clear how these differences arise, or, indeed, whether one is even dealing with variants of a single basic model. We shall argue that the sources are all manifestations of accretion on to supermassive black holes (of order 108 M[image: no alternative text]), although even this is still not universally accepted. Furthermore, for stellar-mass objects, at least in some cases, we have a complete picture of the system even if some of the details are missing. In no case do we have anything comparable for active galactic nuclei. That is not to say that there are no aspects of active galactic nuclei that are thought to be fairly well understood, but those that are do not include the mechanism of the basic energy source. Thus we have to try to extract from the available data what clues we can to the nature of the central engine. … On the other hand, once one gets beyond the inner engine a consensus appears to be emerging on a standard picture, a so-called unified model, in terms of which one can begin to account for the variety of active galactic phenomena.

								Source: J. Frank, A. King & D. Raine, Accretion Power in Astrophysics, 3rd edition, Cambridge UP 2002, p. 213.
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					Activity 2


							
							Now read the preface of Peterson (An introduction to active galactiv nuclei), attached below, omitting the last paragraph.

							View
                  document


Phenomenology is a term you may not have encountered before. It is an endeavour which lies somewhere between observation and theory. The observations are described and characterised, and underlying causes are sought, but there isn't a rigorous theory.

							Keywords: none

							
						

					
        Question 1


              What is thought to be the energy source which powers active galaxies? See if you can answer this using the astrophysics terms you have learned, and then try to write another answer using only mainstream physics vocabulary.

            [bookmark: d0e681]Show
              answer



          
          
          
          
         
											3.5 Example 1

					(a) A gravitationally bound uniform density sphere, of radius r, is composed of a large number of subelements, with total mass M. Use the virial theorem,

[image: ]

						The gravitational energy is given by
[image: no alternative text]
where G is Newton's constant of gravitation, and that the kinetic energy is
[image: no alternative text]
					

					Here we have used the angle brackets [image: no alternative text] to indicate a mean, typical, or expected value of the quantity enclosed. The right-hand side of the expression for EKE comes from summing up all the individual [image: no alternative text] m[image: no alternative text]2 contributions, giving the total mass multiplied by the typical value of [image: no alternative text]2. The [image: no alternative text] in the equation indicates the velocity dispersion, i.e. how fast the subelements of the gravitationally bound system are moving with respect to the centre of gravity.

Show that the typical velocity, [image: no alternative text], of a subelement is related to M according to:

[image: ]

						
					(b) Astronomers observing a Seyfert galaxy obtain some spectra and high-quality images, in which the light from a point source was spread over only a fraction of an arc second. Despite the excellent spatial resolution of the images, the nucleus of the galaxy is unresolved, and hence its size is known to be r < 50 pc. The emission lines have full width at zero intensity of 6000 km s−1. Estimate the mass of the central black hole.

					
						Solution
					

					 (a) Substituting the above expressions into Equation 5 we obtain:
[image: no alternative text]
Making [image: no alternative text][image: no alternative text]2[image: no alternative text] the subject of the equation, therefore
[image: no alternative text]
					

					Since measurements of [image: no alternative text][image: no alternative text]2[image: no alternative text] in extragalactic astrophysics are often somewhat imprecise, we can ignore the difference between 3/5 and 1, and hence we obtain
[image: no alternative text]
as required.

					(b) We can apply this approximate version of the virial theorem to the observations of the Seyfert galaxy. From the information given, we need to substitute values of r and [image: no alternative text] to make the estimate. We are told r is the ‘size’ of the nucleus, which you could think of as its diameter, however in estimates of this type astronomers are often vague about distinctions between quantities such as radius and diameter. Such distinctions are unnecessary whenever the calculation includes unavoidable uncertainties much greater than a factor of 2.

					Clearly we can use the upper limit on r straight from the information supplied, but we should work in consistent units. Since Peterson adopts the cgs system, we will generally adopt it in this unit, and will use this example to illustrate how (just as in SI) systematic use of the cgs system will give you answers in the appropriate cgs unit. The full width of the emission lines gives us an indication of the velocity dispersion, and the value of the full width is 6000 km s−1. This presumably means that some material is moving away from us at 3000 km s−1, while other material is moving towards us at this speed. Therefore a value of [image: no alternative text] = 3000 km s−1 seems an appropriate estimate. (Note: Since [image: no alternative text] is going to be squared to give our mass estimate, we keep the factor of 2 here.)

					We now have values for both the unknowns, but we must convert them into cgs units. Recalling that ‘cgs’ stands for ‘centimetre-grams-seconds’, the cgs unit of length is clearly the centimetre (cm); similarly, the cgs unit of velocity is centimetres per second (cm s−1). Therefore we need to convert from parsecs (pc) to centimetres (cm).

					1 pc = 3.086 × 1016 m, and 100 cm = 1 m, therefore 1 pc = 3.086 × 1018 cm. Since none of the measurements we are given have more than 1 significant figure, and we are asked only for an estimate, it is probably safe in this instance to use 1 pc = 3 × 
1018 cm. In other calculations you may need to use higher precision.

					Using this conversion factor, r < 50 pc becomes r < 50 × 3 × 1018 cm, i.e. r < 1.5 × 
1019 cm. Similarly we should express [image: no alternative text] in cgs units by converting km s−1 into cm s−1. Since 1 km = 1 × 103 m, and 100 cm = 1 m, 1 km = 1 × 105 cm, [image: no alternative text] = 3000 km s−1 becomes [image: no alternative text] = 3000 × 105 cm s−1, i.e. [image: no alternative text] = 3 × 108 cm s−1.

					
					Substituting in these values, therefore,

[image: ]

The symbol ‘ [image: no alternative text]’ is used to indicate ‘less than approximately’. The ‘less than’ is because r < 1.5 × 1019 cm, and the ‘approximately’ because we have used estimates. Cancelling units and multiplying out numbers we arrive at the estimate:

     M [image: no alternative text] 2 × 1043g.

					This has provided the mass estimate we wanted, but this is not exactly the answer Peterson would have given. The example above uses pure cgs units, but in fact if you return to Peterson, you will see that velocities are generally measured in km s−1, and masses in M[image: no alternative text]. These units are generally used by astronomers, irrespective of whether they are working in the SI or cgs system, because they are the most convenient (and easily visualised) choice. Hence we will convert the mass above from grams into solar masses. Noting that 1M[image: no alternative text] ≈ 2 × 1030 kg ≈ 2 × 1033 g, we obtain
[image: no alternative text]
which reduces to
[image: no alternative text]
Therefore we conclude that the mass of the central black hole is less than but comparable to the mass of 10 billion stars like the Sun. Hence the label supermassive seems to be justified.


          Question 2

					
              What assumption is implied in the use of the virial argument in Example 1? Do you think the assumption is justified?

					    
            [bookmark: d0e1011]Show
              answer




				
				
					4 Black holes at the centres of ordinary galaxies

					
						4.1 The Milky Way

					
						Figure 1 showed two spiral galaxies: NGC 5548, which has an active nucleus, and NGC 3277 which does not. If we accept that AGN are the result of accretion on to supermassive black holes at the centres of the galaxies which harbour them, it is natural to ask the question whether galaxies like NGC 3277, which do not have active nuclei, are without central supermassive black holes, or simply without significant amounts of accretion on to their central black holes. Recent observations have made it clear that in some cases at least, apparently ordinary non-AGN galaxies seem to harbour supermassive black holes at their centres.

					Perhaps most dramatic is the evidence for a supermassive black hole at the centre of our own Milky Way Galaxy. It is impossible to study the centre of our Galaxy in optical light because there is lots of gas and dust in the plane of the Galaxy which obscures our view of the central regions. At other wavelengths, however, the optical depth is less, and it has long been known that the centre of our Galaxy harbours a compact radio source which is called Sgr A* (pronounced ‘sadj ay-star’), and is shown in Figure 7. Apart from Sgr A*, the radio emission from the centre of our Galaxy is diffuse and filamentary. The stars near the centre of the Galaxy are not visible because they are not strong radio sources. The infrared (IR) view shown in Figure 8 is very different. The IR image shown in Figure 8 is diffraction-limited, and gives a resolution of 0.15 arcsec. The blobs are individual stars within 0.02 pc of the Sgr A* radio source, whose position is marked with the small cross at the centre of Figure 8.

					[image: Figure 7]

							Figure 7 A radio image of the centre of the Milky Way Galaxy. White areas indicate intense radio emission and the red and black areas are progressively less intense. This image was taken with the Very Large Array (VLA) by Jun-Hui Zhao and W. M. Goss. The white dot at the centre of the image is the Sgr A* compact radio source
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					[image: Figure 8]

							Figure 8 A high spatial-resolution K-band image of the central regions of our own Galaxy. The bright blobs are individual stars. The small cross at the centre of the image shows the position of the compact radio source Sgr A*
[bookmark: d0e1086]Show description 8


					SAQ


						
							Question: How do the scales of the images in Figure 7 and Figure 8 compare?


						
						[bookmark: d0e1107]Show
              answer


					
					
						Figure 8 is one frame of the short animation you will see in Activity 3. The animation shows a series of high spatial resolution infrared images of the centre of our Galaxy, which were taken during the 1990s. The motions of individual stars are clearly apparent. By measuring these motions, the strength of the gravitational field experienced by the stars can be deduced. This is analogous to the determination of the Sun's gravitational field (and hence the Sun's mass) by studying the orbits of the planets in the Solar System. As you will see in the animation, however, the stars at the centre of the galaxy are not neatly aligned in a plane analogous to the ecliptic in the Solar System. Instead, the stars follow randomly oriented orbits, and the virial theorem rather than Kepler's third law is used to deduce the gravitational field. The motions you will see in Activity 3 require the presence of a dark body with mass 2.45 ± 0.4 × 106M[image: no alternative text] at the centre of our Galaxy. This dark central body is almost certainly a black hole.

					
					
					
						4.2 Activity 3: Stars orbiting our local supermassive black hole

					Activity


							Read through the following notes, and then watch the animation below.

							Keywords: speckle imaging, enclosed mass

							Stellar proper motions in the central 0.1 pc of the Galaxy

							The animation shows the proper motions of stars near to the centre of our Galaxy over the course of about ten years between 1992 and 2002. The field of view seen here in this infra red image is about 3 arc seconds along each side, which corresponds to a linear scale of about 0.1 pc at the distance of the galactic centre.

							The individual frames which comprise this movie are each the result of adding together several thousand images with individual exposure times of around 0.3s to 0.5s. With conventional, longer exposure times, the motion of pockets of air in the Earth's atmosphere will cause a variable refraction of the light rays from each point in the field of view, and so cause the images of point sources (stars) to become slightly blurred. In contrast, this so called speckle imaging technique can remove much of the effect of atmospheric distortions by using such short exposures that the motion of pockets of air is negligible within the exposure time. By carefully aligning all the thousands of short exposure time speckle images, the resulting point spread function, which characterises the extent of the image of a point source, is only 0.15 arc seconds wide in these frames instead of the more typical 1 arc second in the best conventional ground-based imaging.

							The fastest moving stars seen here are those closest to the yellow cross which marks the position of Sgr A*, the presumed supermassive black hole at the centre of the Galaxy. Some of these stars have speeds in excess of 1500 km s−1. Taking account of all the stellar motions seen, the implication is that the enclosed mass within < 0.015 pc of Sgr A* is 2.45 × 106 M[image: no alternative text]  – and this probably takes the form of a single massive blackhole.

							The journal paper which first reported these results is ‘Stellar proper motions in the central 0.1pc of the Galaxy’ by A. Eckart and R. Genzel which appeared in the Monthly Notices of the Royal Astronomical Society, volume 284, pages 576–598, in 1997. A copy of this paper is available below if you wish to read more details of their research.

							View
                  document


The following short animation was made by Thomas Ott and Rainer Schoedel, copyright © Max-Plank-Institut für extraterrestriche Physik. Please note that some of the stellar motions indicated are still subject to analysis and should be regarded as of an illustrative nature. 

View their research web pages at http://www.mpe.mpg.de/www_ir/GC/index.html

Please note that this animation will loop, please press pause when you are ready to stop the animation.

							

						

					
			
				
				
					5 Distances in extragalactic astronomy

					Recall Hubble's law:

[image: ]

					This relationship between redshift, z, of a distant galaxy which is given by

[image: ]

and its distance, d, from us arises because space is expanding. When the large redshifts of quasars were first discovered, there was naturally some reluctance to straightforwardly apply Hubble's law to them because the distances, and consequently the inferred luminosities were enormous. In fact, quasars are the most intrinsically luminous persistently bright objects we have discovered, and the most distant quasars are the most distant individual objects we know about. Consequently, active galaxies are of fundamental importance to cosmology, the study of the Universe as a whole. Cosmology is a huge subject and here in S381_1 we will focus on the active galaxies themselves, using only those cosmological ideas necessary to understand them.

					The astronomical research required to determine the value of the Hubble constant, H0, and thereby calibrate the extragalactic distance scale has filled entire textbooks, and we will not discuss it in this Unit, focusing instead on astrophysics. In this unit we will generally adopt the same approach as Peterson, and use h0 to represent the value of the Hubble constant in units of 100 km s−1 Mpc−1, i.e.

[image: ]

					At the time of writing, astronomers favoured a value of around H0 = 60 km s−1 Mpc−1, i.e. h0 = 0.6, but this is continuously being debated and refined as new observations are made. Wherever a result is strongly dependent on the value of the Hubble constant, h0 will appear explicitly.

					The Hubble time is the inverse of H0. If the Universe has always expanded at a constant rate, this is the time required for the Universe to expand from the Big Bang to its current size. The Hubble ‘constant’ has probably actually changed over time since the Big Bang, with the deceleration parameter, q0, describing the change in the expansion rate.


          Question 3


              What is meant by the ‘cosmological redshift’?

            [bookmark: d0e1324]Show
              answer




				
					6 The key questions

					Some of the most important issues which astronomers working in this field are currently trying to resolve are:

					
							
							How and when did the supermassive black holes at the centres of galaxies form?

						

							
							What role did the central black holes play in the formation of galaxies?

						

							
							To what extent are the observed differences between AGN attributable to the orientation at which we view them?

						

							
							What governs the evolution of individual AGN, and of the Universe's population of AGN?

						

							
							Is there a link between AGN and star formation?

						

					

					These points are covered in more detail in Block 4 of the Open University course, S381 The Energetic Universe, from which this unit is taken.

					
					7 Continuum emission processes

					
						7.1 Blackbody radiation

					
					Interpretation of the light astronomers collect from AGN depends on understanding the physical processes leading to the emission of that light. Because the conditions in the emitting regions of AGN are very different from those on the surface of the Earth, some of these processes may be entirely unfamiliar to you. This subsection begins with a discussion of blackbody radiation, which should be familiar, and covers material which you will need to appreciate Peterson's discussion of AGN.

					
						Blackbody radiation is in thermal equilibrium with matter at a fixed temperature. Often the emission from astronomical objects is a close approximation to this thermal radiation. Many thermal sources of radiation, for instance stars, have spectra which resemble the blackbody spectrum, which is mathematically described by the Planck function. The spectrum of an accretion disc can be modelled as the sum of blackbody spectra of varying temperature, and this work can be applied to accretion discs in AGN as well as those in binary star systems.

						The blackbody spectra shown in Figure 9 illustrate the way that the spectra peak at wavelengths which depend on temperature. Away from the peak, the shape of the
Planck function at substantially shorter wavelengths (high energies) is known as the Wien tail, which is mathematically described by

[image: ]

						[image: Figure 9]

								Figure 9 The blackbody spectrum for various temperatures. The peak emission occurs at a wavelength described by the Wien displacement law. The shape at substantially longer wavelengths is known the Rayleigh–Jeans tail, at substantially shorter wavelengths it is the Wien tail
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						The shape of the Planck function at substantially longer wavelengths than the peak (low energies) is known as the Rayleigh–Jeans tail, which is mathematically described by

[image: ]

						These ‘tails’ at both extremes of wavelength are sometimes referred to as the long-wavelength (or low-energy) cutoff and the short-wavelength (or high-energy) cutoff.

					
					
					
					
						7.2 Free-free radiation

						The blackbody spectrum is emitted when thermally emitting matter is optically thick. Optically thin matter can also emit thermal radiation. Whenever a charged particle is accelerated it emits electromagnetic radiation. When the acceleration is due to the electric field of another charged particle the emitted radiation is called free-free emission or bremsstrahlung. (Bremsstrahlung is a German word meaning ‘braking radiation’.) The radiation emitted by an optically thin, thermal equilibrium distribution of electrons is called thermal bremsstrahlung, which is a bit of a mouthful, so astronomers sometimes colloquially refer to it as ‘thermal brems’.

						The ‘free-free’ label makes an analogy with the formation of atomic spectral lines. When an electron in an atom makes a transition to another atomic energy level this is a bound-bound transition, because the electron is bound to the atom in both the initial and final states. Photoionization of an atom is a bound-free transition, because the electron is removed from the atom into a ‘free’ state. Conversely recombination of an ion and an electron, which liberates recombination radiation is a free-bound transition. The energy levels in an atom are discrete, so a bound-bound transition results in a spectral line at the precisely defined wavelength corresponding to the transition in question. There are ‘free’ quantum states at essentially all energies above the ionization energy, hence free-free emission, produced by free electrons in the Coulomb fields of ions, is a continuum spectrum.

						
						
						
						
							7.3 Polarization of electromagnetic radiation

						
						So far we have described electromagnetic radiation in terms of its wavelength, frequency and speed. It has another, sometimes important, property: polarization. Figure 10 shows the electric and magnetic field in a plane-polarized electromagnetic wave. In any electromagnetic radiation, the electric and magnetic fields are always perpendicular to each other, as well as perpendicular to the direction of propagation of the wave. In plane-polarized radiation the electric field vector always lies in a single plane, the vertical plane in the example shown in Figure 10.

						[image: Figure 10]

								Figure 10 Diagram illustrating the relative orientations of the electric and magnetic field vectors in plane-polarized light
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						In general, sources of electromagnetic radiation are not polarized. In such unpolarized light, each photon has its own, randomly oriented, electric field direction. Only if all the photons in the radiation are oriented somehow, will net polarization occur. There are several ways this can happen. The most familiar everyday example is the plane polarization which occurs because of reflection. When a light ray is reflected the electric field vector of the incident ray will, in general, have two non-zero components as shown in Figure 11: one perpendicular to the reflecting surface, i.e. parallel to the page (represented with arrows in Figure 11), and one parallel to the reflecting surface, i.e. perpendicular to the page (dots in Figure 11 represent the arrow tips of this component). These two components are reflected with different efficiencies, so reflected light is consequently partially or totally plane-polarized. This is why Polaroid sunglasses are so effective at cutting down the glare from sunlight reflected by water or glass. In astrophysics, light is often scattered by dust, and this scattered light becomes polarized in the same way. Synchrotron radiation, the subject of the next section, is intrinsically polarized: it is emitted as a result of electrons interacting with a magnetic field, and the orientation of the polarization of synchrotron radiation is governed by the orientation of the magnetic field.

						Note: you may have previously studied electromagnetism in SI units. In this case you may have seen the Poynting vector expressed as S = [image: no alternative text] × H, which is equivalent to the cgs version given here.

						The flux of energy associated with an electromagnetic wave is given by the Poynting vector, [image: no alternative text] where here [image: no alternative text] and B are the fields comprising the electromagnetic wave. Referring to Figure 10, and applying the rule for forming a vector product you can see that the Poynting vector is clearly along the direction of propagation of the wave.

						[image: Figure 11]

								Figure 11 Reflection of light at a surface. The arrows indicate the component of the electric field vector which is in the plane of the page, the dots represent the electric field component which is parallel to the reflecting surface. If the angle of incidence is equal to the Brewster angle, θB, the reflected ray is 100 per cent polarized, as shown. For other angles of incidence the reflected ray is only partially polarized
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							7.4 Faraday depolarization

						
						
						Radiation of wavelength λ which starts off linearly polarized in a particular direction and travels through a plasma has its direction of polarization rotated by an angle

[image: ]

            where ne is the electron density, B| | is the component of the magnetic field which is parallel to the direction in which the wave is travelling, and x is the distance along the line of propagation. This is known as Faraday rotation, or the Faraday effect. The integral is known as the rotation measure.

						Radiation from an extended synchrotron source travelling through an ionized medium will have a rotation measure which depends on the electron density and magnetic field along the propagation path. The rotation measure will, therefore, vary for radiation emitted from different locations within an extended source. Consequently, even if the radiation were initially very highly linearly polarized, the different values of rotation measure for various emission locations, will reduce the observed polarization fraction. This effect is known as Faraday depolarization.

					
					
					
						7.5 Emission from spiralling electrons: synchrotron radiation

						In the very first reading (Activity 1) we encountered the term ‘non-thermal’ describing the spectrum of light emitted from AGN. In this subsection we will learn more about the most important type of non-thermal radiation: synchrotron emission.

						When a charged particle moves in the presence of a magnetic field it experiences a Lorentz force,  which produces an acceleration whose direction is perpendicular to both the magnetic field line and the velocity of the particle, [image: no alternative text]. Consequently the path followed by the electron is a helix, as shown in Figure 12. The radius of the circle described in the plane perpendicular to the magnetic field line is known as the cyclotron radius and is also sometimes referred to as the Larmor radius, rL or the gyroradius. It is given by

[image: ]

              where |q| is the magnitude of the charge of the particle, m is its mass, B is the magnetic field strength, and [image: no alternative text][image: no alternative text] is the component of the particle's velocity which is perpendicular to the field.

						[image: Figure 12]

								Figure 12 Synchrotron emission: an electron moving in a uniform magnetic field follows a helical path. Because it is constantly being accelerated, it emits electromagnetic radiation
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						Any accelerated charged particle produces electromagnetic radiation, and the radiation produced in the case of electrons accelerated by a magnetic field is known as cyclotron radiation. When the electrons in question are high-energy relativistic electrons (i.e. when the electrons have speeds approaching c), the cyclotron radiation is known as synchrotron radiation. In most cases of astrophysical importance, synchrotron radiation is the most plentiful type of non-thermal radiation.

						SAQ


							
								
								Question: What two ingredients are required for synchrotron emission to occur?
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							7.6 Producing synchroton radiation in a laboratory

						
						Synchrotron radiation can, of course, be produced in a laboratory by arranging for electrons to be deflected by a magnetic field. Figure 13 shows a beam of synchrotron radiation produced at the European Synchrotron Radiation Facility (Figure 14).

						[image: ]

								Figure 13 A beam of synchrotron emission created in a particle accelerator

						[image: Figure 14]

								Figure 14 An aerial view of the European Synchrotron Radiation Facility where the beam of synchrotron radiation shown in Figure 13 was created
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						The spectrum of synchrotron emission produced by a single electron has the shape shown in Figure 15: a broad spectrum with a maximum at frequency [image: no alternative text]max.

[image: ]

              where B[image: no alternative text] is the magnetic field strength perpendicular to the velocity of the electron, and [image: no alternative text] is the Lorentz factor, given by

[image: ]


						[image: Figure 15]

								Figure 15 The spectrum of synchrotron emission from a single electron: the peak of the spectrum occurs at frequency υmax
[bookmark: d0e1807]Show description 14


						The Lorentz factor, which is one of the fundamental ingredients of special relativity, is proportional to the total energy ETOT (i.e. the kinetic energy plus the rest mass energy) of the electron: ETOT = [image: no alternative text] me c2, where me is the electron rest mass. Hence we could alternatively write

						[image: ]

						The power, P, emitted in synchrotron radiation from a single electron depends on the energy of the electron. If we assume that the electron is highly relativistic (i.e. [image: no alternative text] ~ c) the power emitted is

						[image: ]

						We have dropped the subscript ‘TOT’, but are still referring to the total energy of the electron.

						
						
						
						
						
							7.7 Radiation detection

						
						In astronomy we detect the radiation from large numbers of electrons, rather than being able to distinguish the contributions of individual electrons. The electrons will have a range of velocities and of orientations with respect to the magnetic field, so the synchrotron spectrum we observe will be the sum of lots of individual spectra with varying values of [image: no alternative text]max. The resulting observed synchroton spectrum is illustrated in Figure 16.

						[image: Figure 16]

								Figure 16 An observed synchrotron emission from a cloud of electrons
[bookmark: d0e1894]Show description 15


						The observed synchrotron emission from a cloud of electrons in Figure 16 is the sum of the emission from many individual electrons, each with a different energy and each with velocity at a different orientation to the magnetic field. Hence each individual electron produces a contribution peaking at its own value of [image: no alternative text]max. At each frequency, [image: no alternative text], the emission comes predominantly from the electrons which have [image: no alternative text]max ≈ [image: no alternative text]. Consequently, if the distribution of electron energies follows a power law then the observed synchrotron spectrum will also be a power law.

						How much radiation is emitted at frequency [image: no alternative text] depends predominantly on how many electrons have [image: no alternative text]max ≈ [image: no alternative text]. That is to say the shape of the summed spectrum in Figure 16 depends on the distribution of electron energies. Mathematically, this distribution can be described by saying N (E)dE is the number density (i.e. number per unit volume) of electrons with energies between E and E + dE. For many sources of non-thermal emission, a power-law distribution of electron energies seems to hold, i.e.

						[image: ]

						where N
							0 is a constant of normalization, and s is a constant known as the particle exponent. When astrophysical sources of synchrotron emission are studied, it is found that typically s lies between 2 and 3.

							SAQ


								
									Question: If the number of electrons per unit volume is ne, write down a mathematical expression relating ne and N(E).
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						Notice that the relationship between the electron energy, E, and the frequency, [image: no alternative text], at which it produces most synchrotron radiation is described by Equation 15, and if we want to use the distribution of electron energies to deduce the distribution of radiation with frequency (i.e. the spectrum), we must remember to include the relationship between an energy interval dE and a frequency interval d[image: no alternative text] which is implicit in Equation 15. That is to say, differentiating Equation 15, treating B[image: no alternative text] as constant, we obtain

						[image: ]

						
						
						
						
						
							7.8 Example 2 and questions

						
						Example 2

						Show that the synchrotron spectrum produced by a power-law distribution of electron energies N(E) dE = N0E−s dE, is described by

						[image: ]

						You may use the approximation that all the power radiated by the electron has frequency [image: no alternative text] = [image: no alternative text]max, where [image: no alternative text]max is given by Equation 15.

						
							Solution
						

						The flux emitted at a particular frequency, [image: no alternative text], is determined by the number of electrons emitting at that frequency, N([image: no alternative text]), and the power, P, emitted by each of these. Expressing this mathematically:

						[image: ]

						The power P is given by Equation 16, and the number of electrons is determined by Equation 17, but we must transform this distribution from the number of electrons with a particular energy, E, into the number of electrons emitting at a particular value of [image: no alternative text]. This is accomplished by noting that the electrons and their properties are unchanged irrespective of how we decide to label them, so that

						[image: ]

						i.e.

						[image: ]

						where we have used Equation 18 in the final step.

						Collecting these expressions for P and N in terms of E and substituting into Equation 20 we obtain

						[image: ]

						where we have substituted for N(E), and collected powers of E to arrive at the final result. The only remaining work is to express the result in terms of [image: no alternative text] rather than E, and this can be accomplished using Equation 15, which tells us that

						[image: ]

						which can be recast as

						[image: ]

						Substituting for E, therefore, we obtain

						[image: ]

						as required.

						The observed power-law spectrum described by Equation 19 is often more concisely written as

						[image: ]

						where the new constant [image: no alternative text] ( = (s – 1)/2)) is known as the power-law index. In Activity 4 we explore the production of power-law synchrotron spectra.

						There is a generally useful trick to finding and measuring power-law dependencies. Taking logs of Equation 19 for F[image: no alternative text] we obtain

						[image: ]

						which can be rewritten using the properties of logs as

						[image: ]

						Hence it is clear that the overall synchrotron spectrum shown in Figure 16, which shows log10(F[image: no alternative text]) versus log10([image: no alternative text]), appears as a straight line with gradient -(s – 1)/2 or more concisely with gradient −[image: no alternative text], where [image: no alternative text] = (s – 1)/2. The trick of using logarithmic axes makes it easy to recognise when the variables being plotted on the graph are related by a power law. If the variables are related by a power law, the power-law index can be determined by measuring the gradient of the straight line on the ‘log–log’ graph. This is a widely used technique, and astronomers often plot observed quantities on a log–log graph to check quickly whether there is a power-law relationship between them.


          Question 4


              Figure 17 shows the spectrum of synchrotron emission from a particular astronomical source. What is the particle exponent describing the distribution of electron energies in that source?

						[image: ]
Figure 17 The spectrum of radio emission observed at a particular location in the sky
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          Question 5


              What is the power-law frequency dependence of the Rayleigh–Jeans tail?

              That is, if we write B[image: no alternative text],Rayleigh–Jeans [image: no alternative text] [image: no alternative text] p, what is the value of p?
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          Question 6


              (a) With a magnetic field strength of 10−9 tesla, what values of electron energies are required in order to produce synchrotron radiation at radio frequencies of a few GHz?

              (b) What values of electron energies are required for radio frequency production if the magnetic field is 10−10 tesla?

            [bookmark: d0e2721]Show
              answer




          

						So far we have seen that the synchrotron emission from a power-law distribution of relativistic electrons is a power-law spectrum with increasing flux at decreasing frequencies. Like all good things, this must come to an end: absorption of photons by the synchrotron-emitting electrons can also occur. This process is known as synchrotron self-absorption (SSA), and is particularly important for photons with low frequency, [image: no alternative text]. For these low-frequency photons, SSA can mean that the probability of a photon escaping from the synchrotron emitting region is small, i.e. at low frequencies the synchrotron emitting region becomes optically thick. This modifies the spectrum of the escaping radiation at low frequencies from [image: no alternative text] to [image: no alternative text], as Figure 19 shows. This downturn in the spectrum at low frequencies is known as a low-frequency cutoff. The frequency at which self-absorption becomes important depends on the magnetic field strength, the density of electrons and the particle exponent. The details of these dependencies are beyond the scope of this unit, but an obvious consequence of them is that the low-frequency cutoff can occur at a range of different frequencies, depending on the particular parameters of the emitting region. If an astronomical source has a spatially varying magnetic field, density, or electron energy distribution, then the overall emitted spectrum could be a sum of individual spectra like that shown in Figure 19, but shifted in frequency relative to each other. This is how so-called flat-spectrum radio sources are thought to arise. You will read about these in Activity 5.

						[image: Figure 19]

								Figure 19 The full synchrotron spectrum from a power-law distribution of electron energies. At high photon energies the emission is optically thin, and the power-law dependence on the particle exponent holds
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						At low photon energies the emission is optically thick, and self-absorption causes a F[image: no alternative text] [image: no alternative text][image: no alternative text]5/2 spectral shape.

					
					
					
					
					
						7.9 Compton scattering

						Electromagnetic radiation interacts strongly with electrons. If a photon encounters an electron, there is a high probability that a scattering interaction will occur. In the low-energy non-relativistic regime, i.e. where h[image: no alternative text] [image: no alternative text] me c2 the interaction is called Thomson scattering, and its likelihood is described by the classical Thomson scattering cross-section, σe. In general, interactions between a photon and an electron include quantum mechanical and relativistic effects which modify the classical Thomson scattering process. The process in the regime where quantum and relativistic effects are included is known as Compton scattering, and a full discussion requires quantum electrodynamics, which is beyond the scope of this unit. One of the immediate effects of the quantum nature of light is that the scattering of a photon by an electron is, in general, an incoherent process, i.e. in general energy will be exchanged between the electron and the photon, so the incoming and outgoing photons differ in frequency. Whenever the electron has sufficient kinetic energy compared to the photon, energy can be transferred from the electron to the photon. This is the so-called inverse Compton process, and is important in astrophysics.

							SAQ


								
									Question: What frame of reference would you choose to assess whether ‘the electron has sufficient kinetic energy compared to the photon'?
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						For a population of relativistic electrons threaded by a magnetic field, loss of energy from the electrons due to synchrotron emission (see Section 7.5), P
							synch, and the loss of energy from the electrons due to the inverse Compton process, P
							compt, are related by the ratio of the magnetic field energy density, U
							mag, and the photon energy density, U
							rad:

						[image: ]

						The physical reason behind this simple relationship is that from a quantum viewpoint the synchrotron and inverse Compton processes are analogous. Synchrotron radiation involves scattering of electrons by the quanta associated with the magnetic field, while in inverse Compton scattering the electrons are scattered by real photons: quanta of electromagnetic radiation.

						Radiation which has been boosted to higher energies by the inverse Compton process is often referred to as having been Compton upscattered. In the case of AGN, photons emitted by the synchrotron process can themselves be inverse Compton scattered by the population of relativistic electrons emitting them, thus emerging from the source with higher energies than they initially had. This is the so-called synchrotron self-Compton (SSC) process.

				
				
				
					8 Basic properties and historical perspective

					
						8.1 Continuum spectra

						Activity 4: General properties of quasars and power-law emission

30 minutes

								
								Read Section 1.3 of Peterson, up to and including the first two paragraphs of Section 1.3.1  by clicking the link below.
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          Question 7


              Give six common general properties of quasars.
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SAQ


	
		Question: A quasar has a power-law spectrum obeying [image: no alternative text], how would this spectrum be described in terms of F[image: no alternative text] and [image: no alternative text]?
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							Example 3
						

						
							Figure 20 shows a schematic spectral energy distribution. In which part of the electromagnetic spectrum is most energy emitted per unit interval on the logarithmic frequency axis? Fully justify your answer, including an explanation of why log10 [image: no alternative text]
 is the most convenient choice of variable on the horizontal axis of a graph for this purpose.

						[image: Figure 20]

								Figure 20 A schematic energy distribution of a hypothetical quasar
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							Solution
						

						The graph in Figure 20 shows log10([image: no alternative text] F[image: no alternative text]) versus log10 [image: no alternative text]. The flux emitted between any two frequencies [image: no alternative text]1 and [image: no alternative text]2 is given by 

[image: ]

						Looking at this final expression for F12, we see it is of the form [image: no alternative text], where x = log10 [image: no alternative text], i.e. F12 is the area under the curve of [image: no alternative text]F[image: no alternative text] between the two specified values on the horizontal (or log10 [image: no alternative text]) axis. Generally [image: no alternative text]F[image: no alternative text] will have values varying by many orders of magnitude over the full electromagnetic spectrum, so usually the logarithm of [image: no alternative text]F[image: no alternative text] is a more useful quantity to plot on the graph than [image: no alternative text] F[image: no alternative text] itself. The part of the electromagnetic spectrum where the most energy is emitted per unit interval on the logarithmic frequency axis will be where [image: no alternative text] F[image: no alternative text] reaches a maximum: this occurs at log10[image: no alternative text] ~ 12.5, i.e. at wavelength

						[image: ]

						i.e. in the far infrared. It is for this reason that spectral energy distributions are generally plotted using this particular choice of axes: the eye easily picks out the location of the dominant contribution to the area under the curve. These axes allow immediate identification of the part of the spectrum which radiates most energy. As Figure 21 shows, different choices of axes can make it much more difficult to do accomplish this. If the horizontal axis was [image: no alternative text] rather than log10 [image: no alternative text], the entire low-energy part of the spectrum would be compressed into a tiny space on the extreme left-hand edge of the graph.

						[image: Figure 21]

								Figure 21 The same spectral energy distribution as in Figure 20, but with two different choices of axes
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						The two different choices of axes in Figure 21 are (a) The vertical axis shows logF[image: no alternative text]. (b) The horizontal axis shows [image: no alternative text].

					
					
					
					
					
						8.2 Extended radio sources

						In section 7.5 we studied the spectrum of the synchrotron emission, i.e. how the flux density of radiation depends on the frequency or wavelength of the radio emission. Using radio telescopes such as the VLA (Figure 22) radio astronomers can also spatially resolve the celestial radio emission, that is to say they can study how the flux density of radiation at one particular frequency depends on position in the sky. Hence pictures can be made with radio emission, just as we make pictures showing how optical emission depends on position in the sky (e.g. Figure 1). Figure 23 shows two examples of radio pictures. Note: Do not worry about the information in the caption until you undertake Activity 5. Radio emission pictures are often shown graphically as contour maps. You probably noticed Peterson's Figure 1.4 as you completed the previous reading activity: this figure is an example of a radio intensity map. The interpretation of these figures is analogous to reading altitude contours on an everyday map: each contour line represents a particular value, so the highest value in the picture will be inside the largest number of contour lines.

						[image: Figure 22]

								Figure 22 (a) and (b) The ‘Very Large Array’ (VLA) is used to make radio images of the sky. It consists of many individual radio dishes, the signals from which are combined. These individual dishes can be moved, and the spatial resolution of the radio images depends on their separation
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						[image: Figure 23]

								Figure 23 Images made by using a false-colour scale to encode the intensity of radio emission. (a) A classic double-lobed radio source (3C 35), showing the core, extended lobes, and hotspots. (b) Cygnus A showing the radio jet
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								Activity 5: Pictures via radio: extended radio sources
							


							
								Read the remainder of Section 1.3.1 of Peterson.
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          Question 8


              Figure 24 shows the radio intensity maps of the active galaxies 3C 465 and 3C 105. (a) Is 3C 465 an FR I or an FR II type radio galaxy? (b) Is 3C 105 an FR I or an FR II type radio galaxy?

              [image: Figure 24]

								Figure 24 Radio intensity maps of two active galaxies taken with the Very Large Array (VLA). (a) 3C 465 at wavelength 6 cm. (b) 3C 105 at 3.6 cm
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						The ‘3C’ in the designations of the two active galaxies shown in Figure 24 stands for the ‘third Cambridge’ catalogue. This was an early survey, made when the instruments were of poor resolution and relatively insensitive, consequently these are among the strongest radio sources in the sky.
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						SAQ


							
								Question: What frequency radio emission was observed to produce the map in Figure 24a?
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						8.3 Line spectra: ions and spectral lines

						For obvious reasons optical astronomy developed earlier than radio and X-ray astronomy, and astronomers are able to learn many things from analysis of optical emission. Just as in the radio band, optical pictures, i.e. the spatial distribution of emission, can be informative. Even when a source is not spatially resolved, astronomers can still deduce some information about what it might look like close-up. These ‘visualizations’ of what is happening in a particular source result from analysis of how the amount of light detected depends on time, or on wavelength, i.e. by looking at temporal or spectral properties of the emission.

						
						Since hydrogen is the most abundant chemical element in the Universe, its spectral lines are particularly important in astrophysics. The Balmer series are the transitions in which the n = 2 energy level is the lower level. This series of lines appears in the optical wavelength region, and the H[image: no alternative text] line (transitions between n = 2 and n = 3) is often the most prominent line in optical spectra. The highest energy transitions in the hydrogen line spectrum are those to and from the lowest energy level, i.e. transitions to and from n = 1. This series of lines is called the Lyman series, and the Ly[image: no alternative text] line (transitions between n = 1 and n = 2) is prominent in ultraviolet spectra.

						The Balmer limit, which occurs at 3646 Å corresponds to transitions between the n = 2 level of hydrogen and unbound states, i.e. this is the ionization transition from the n = 2 level. Similarly the Lyman limit at 912 Å corresponds to ionization from the ground state (n = 1). Consequently radiation with λ< 912 Å is known as ionizing radiation. Photons with energies just exceeding the Lyman limit are highly prone to absorption by neutral hydrogen gas: consequently the plane of our own Milky Way Galaxy is essentially opaque at wavelengths just short of the Lyman limit.

						Generally astronomers label spectral lines using notation like CIV λλ1548, 1551, which concisely gives an enormous amount of information. Going through this piece by piece:

		‘C’ indicates the chemical element, carbon in this example,

		 ‘IV’ indicates the ionization state. ‘I’ indicates the neutral atom, with successive roman numerals indicating successive positively charged ions,
				
						hence ‘IV’ indicates that three electrons have been removed. The CIV ion is C3+; the roman numeral is always one more than the number of positive charges. ‘λ’ indicates the following numerals give wavelength. In this case we have ‘λλ’, which means that the spectral line is a multiplet. In the case of a multiplet there are two or more ‘fine structure’ sublevels to one or both of the energy levels involved in the transition, so that there are multiple components to the spectral line, corresponding to the various possible energy differences between the initial and final states. This is illustrated in Figure 26. In our example, the line is a doublet, having two components. Triplets and higher multiplets are also possible.

						‘1548, 1551’ gives the wavelength in Å of the two components of the doublet.

						Spectral lines arise as a result of atomic transitions which are governed by quantum mechanical selection rules. Most common lines correspond to transitions which are permitted by the selection rules. For reasons which we will not explore here, it is also possible (with low probability) for transitions to occur which do not obey all of the selection rules. Such transitions are called forbidden or semiforbidden lines, depending on which of the selection rules are violated. Semiforbidden lines are also sometimes called intercombination lines. The astrophysically important point is that permitted transitions are, in general, much more likely than forbidden or semiforbidden transitions. This means that if an excited atom has a permitted transition that it can make to a lower level, it is not likely to make a non-permitted transition. Consequently the only forbidden and semiforbidden lines which are observed are those where no permitted transition is available. Furthermore, because non-permitted transitions have low probability of occurrence, an excited atom will remain in the excited state for a long time before the transition occurs. During this time, a collision with another atom, ion, or free electron may occur, and collisional de-excitation will result. Hence forbidden and semiforbidden lines are only observed from low-density regions, where collisions are relatively infrequent.

						The notation used to indicate a forbidden line is a pair of square brackets around the chemical element and ionization state, e.g. [OII]. Similarly, a semiforbidden line is indicated by just the closing bracket, e.g. NIV].

						[image: Figure 26]

								Figure 26 Fine structure sublevels in initial or final energy levels lead to a multiplet spectral line
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          Question 9


              List the permitted lines, the forbidden lines, and the semiforbidden lines present in optical and UV spectra of the Seyfert 1 galaxy NGC 5548. Refer to Peterson Figures 1.1 and 1.2 by clicking the link below.
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          Question 10


              The ionization of hydrogen from the ground state requires radiation of wavelength less than 912 Å. Calculate the frequency corresponding to this wavelength, and the equivalent photon energy. Give the energy in joules, in ergs and finally in electronvolts. Which of these three energy units is the most natural choice in this instance?
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								Activity 6: Quasar variability
							


								
								Read Peterson Section 1.3.2 by clicking the link below.
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							8.4 Line spectra: line flux and equivalent width

						
						
						In general, astronomical objects emit both continuous emission and lines superimposed on this continuous emission. The equivalent width is a useful way of describing the relative strength of a line compared to the continuous emission at nearby wavelengths. The flux level of the continuous spectrum is called the continuum level, and at an emission line the spectrum rises above this level, while at an absorption line the spectrum dips below this level, as Figure 27 shows.

						[image: Figure 27]

								Figure 27 The continuum level, F
								λc, (blue), and an absorption line (red). The equivalent width, W
								λ, is the width of a rectangle the same height as the continuum which has the same area as the absorption line
[bookmark: d0e3854]Show description 25


						The line flux is simply the total amount of energy per unit collecting area per unit time carried by line photons. On a graph of the spectrum this is the area corresponding to the line.

						The equivalent width, Wλ, is the width of a rectangle having the height of the continuum and which has the same area as the line; the units of equivalent width are thus the same as the units of wavelength.

						The Hertzsprung–Russell diagram is used to characterise the properties of stars. The colour (e.g. B–V) is used on the horizontal axis of the Hertzsprung–Russell diagram as an empirical indicator of temperature. Magnitude, or another luminosity indicator, was plotted on the vertical axis. Consequently, the H–R diagram is also sometimes referred to as a colour–magnitude diagram. The main sequence formed a roughly diagonal locus across the colour–magnitude diagram. B–V is just one of a number of possible colours, and each spectral type has a definite expected value for any colour. In the next activity you will encounter a colour–colour diagram.

						SAQ


							
								Question: What advantage does a colour–colour diagram have over a colour–magnitude diagram when comparing objects which have varied and unknown distances?


							
							[bookmark: d0e3904]Show
              answer


						
						
						The following question is to check that you are aware of a term which is used in the next reading.

						SAQ


							
								Question: What is the ‘Wien tail’?


							
							[bookmark: d0e3925]Show
              answer


						
						
						
						
						
						
							8.5 Line spectra: Activity 7 Colours and broad lines

						
						Activity 7: Colours and broad lines

20 minutes

								Read Peterson Sections 1.3.3 and 1.3.4  by clicking the link below.

								View
                  document


								
							[bookmark: d0e3962]Show discussion 5



						
						SAQ


							
								Question: Why are stars of spectral type O and B most likely to contaminate samples of quasars chosen for U-excess?


							
							[bookmark: d0e4014]Show
              answer


						
						In the preceding reading from Peterson, the first of many possible selection effects arose. In section 1.3.4 Peterson discusses how quasars with z ≈ 2 appear bright in the U band, because the Lyman [image: no alternative text] emission line falls within the U band for this redshift (see Figure 28). Selection effects can cause serious misunderstandings: one of the most important checks an astronomer must perform is to ascertain whether any observed trends are simply a by-product of the particular sample of objects chosen for study, rather than being an intrinsic property of the objects in general.

						[image: Figure 28]

								Figure 28 The wavelength at which Lyα is detected depends on the redshift. At redshift z1 (panels a and b) Lyα appears between 3000 Å and 4000 Å, while at redshift z2 (panels c and d) it does not
[bookmark: d0e4065]Show description 26


						For example, if a sample of quasars was selected by looking for objects which are particularly bright in the U band (i.e. objects showing a U-excess relative to typical stars and galaxies), objects with z ≈2 would be appear to be even more plentiful than they really are.

						SAQ


							
								Question: What is the ‘Ly[image: no alternative text] selection effect’?


							
							[bookmark: d0e4095]Show
              answer


						
					
					
					
					
						8.6 Line spectra: Activity 8 Quasar redshifts

					
					Activity 8: Quasar redshifts


							Read Peterson section 1.3.5 (pages 16 and 17) by clicking the link below.

							View
                  document


							
						[bookmark: d0e4136]Show discussion 6



					
					SAQ


						
							Question: How can astronomers detect cool intergalactic gas in distant parts of the Universe?


						
						[bookmark: d0e4155]Show
              answer


					
					As Peterson stressed in the section you have just read, high-redshift quasars are important for a variety of reasons. Consequently astronomers are currently investing time, energy and many nights of telescope usage on searching for ever more distant quasars. At the time this unit was written, the most distant known quasar was that shown in Figure 29a. The identification of these distant quasars is done photometrically by looking for Lyman-break objects, where there is no detected flux in the blue part of the observed optical spectrum because it has been absorbed by high-redshift hydrogen gas, as shown in Figure 29b.

					[image: Figure 29]

							Figure 29 (a) The faint red source indicated by the arrow is a quasar with redshift z = 6.2. (b) Spectra of three very distant quasars. In each case the highest observed flux is the Lyα emission line, which has been redshifted into the red part of the optical spectrum. To shorter wavelengths the detected flux is zero because all these photons have undergone Lyman absorption by less redshifted neutral hydrogen gas between us and the quasar
[bookmark: d0e4187]Show description 27


					
					
					
						8.7 Luminosity functions

						Samples of galaxies can be biased due to the flux limit of the sample that is observed. This is the so called Malmquist bias.

						
					
					Activity 9: Radio-quiet quasars

20 minutes

							Read Peterson section 1.4 by clicking the link below.

							View
                  document


							
						[bookmark: d0e4227]Show discussion 7



					SAQ


						
							Question: Why would astronomers wishing to measure the quasar luminosity function be unlikely to use the 3C catalogue as their sample?


						
						[bookmark: d0e4295]Show
              answer


					
					SAQ


						
							Question: The 3C radio survey is biased, can optical surveys be regarded as unbiased?


						
						[bookmark: d0e4328]Show
              answer


					
			
				
				
					9 Summary

					
							
							Active galactic nuclei (AGN) are powered by accretion onto supermassive black holes. The masses of these central engines of AGN can be estimated by means of the virial theorem, using the size of the nucleus of the galaxy and the velocity dispersion of the material in the vicinity of the nucleus. Estimates of the masses are around 109±1 M[image: no alternative text].

						

							
							The Schwarzschild radius of a black hole, i.e. the radius of the sphere from within which light cannot escape, is given by
[image: no alternative text]
where M is the mass of the black hole.

						

							
							An indicator of the distance to an AGN is its cosmological redshift, z. The shift in its spectral lines Δλ reflects the recession speed of the AGN. According to Hubble's law, the larger the redshift, the more distant is the object.

						

							
							When electrons travel through regions of space containing a magnetic field, they follow helical paths around the magnetic field lines and emit electromagnetic radiation. When the speeds of the electrons are relatively low, the emitted radiation is known as cyclotron radiation, and when the electron speeds are a significant fraction of the speed of light, the emitted radiation is known as synchrotron radiation.

						

							
							The spectrum of synchrotron radiation produced by a single electron travelling with a speed [image: no alternative text] has a broad shape with a maximum at a frequency [image: no alternative text]max. This frequency is proportional to B								[image: no alternative text][image: no alternative text]2 where B[image: no alternative text] is the magnetic field component perpendicular to the velocity of the electron and [image: no alternative text] is the electron's Lorentz factor, given by
[image: no alternative text]
The Lorentz factor is proportional to the electron's energy, since E = [image: no alternative text]mec2, so [image: no alternative text]max is also proportional to B[image: no alternative text] E 2.

						

							
							Given an ensemble of electrons whose energies are distributed according to a power law with particle exponent s, the flux density in the spectral energy distribution (SED) of the optically thin synchrotron radiation is given by [image: no alternative text] where [image: no alternative text] = (s −1)/2. At low frequencies synchrotron radiation is optically thick, and [image: no alternative text]. This is known as synchrotron self-absorption (SSA).

						

							
							Free electrons in an ionized gas radiate as they decelerate when they pass by protons or other positively charged ions. The continuous spectrum of electromagnetic radiation which arises is called thermal bremsstrahlung. Since the electrons are unbound throughout the process, the radiation is also known as free-free emission.

						

							
							The Wien tail is the short-wavelength part of the blackbody spectrum (described by B[image: no alternative text](T) = (2 h [image: no alternative text]3 / c2) exp(−h [image: no alternative text]/ kT)), whilst the Rayleigh–Jeans tail is the long-wavelength part of the blackbody spectrum (described by B[image: no alternative text](T) = 2kT [image: no alternative text]2/c2).

						

							
							Both blackbody radiation and bremsstrahlung are examples of thermal radiation, because the speeds of the electrons that are responsible for them follow a Maxwell speed distribution. Synchrotron radiation is an example of non-thermal radiation.

						

							
							In the process of Compton scattering, high-energy photons scatter off relatively low-energy electrons and lose energy as a result. In the process of inverse Compton scattering, photons gain energy from higher energy electrons. Radiation which has been boosted to higher energies by this process is said to have been Compton upscattered.

						

							
							In the synchrotron self-Compton (SSC) process, synchrotron radiation is upscattered by the same electrons which were responsible for the original emission.

						

							
							The Balmer and Lyman series of hydrogen lines arise from transitions whose lowest energy levels are the n = 2 and n = 1 levels respectively. Hence the H[image: no alternative text] line (in optical spectra) arises from transitions between n = 3 and n = 2, whilst the Ly[image: no alternative text] line (in ultraviolet spectra) arises from transitions between n = 2 and n = 1. The Balmer limit at 3646 Å corresponds to transitions between n = 2 and the continuum whilst the Lyman limit at 912 Å corresponds to transitions between n = 1 and the continuum.

						

							
							Most common spectral lines are ‘permitted’ by quantum mechanical selection rules. In low-density regions, so called ‘forbidden’ lines can also be produced. This is because collisions between atoms are rare if the density is low, so atoms in excited states with no permitted transitions execute low probability forbidden transitions. Forbidden lines are indicated by a square bracket notation, such as [OIII] λ5007 for the forbidden transition in doubly ionized oxygen, leading to emission of radiation of wavelength 5007 Å (5.007 × 10−7 m).

						

							
							When linearly polarized radiation passes through a plasma, its direction of polarization is rotated in a phenomenon known as Faraday rotation. Consequently radiation travelling through an extended synchrotron source will have a rotation measure which depends upon the electron density and magnetic field along the propagation path. The different values of rotation for various emission locations within an extended source will lead to Faraday depolarization.

						

							
							Quasars share some or all of the following properties: they are star-like objects identified with radio sources, they are luminous X-ray sources, they have time variable continuum flux, a large UV flux, broad emission lines and large redshifts. The radio SED of a quasar typically has F
								[image: no alternative text][image: no alternative text]
ν−0.7.

						

							
							Radio galaxies and quasars typically show two components: a pair of spatially extended lobes extending for several kpc and a compact (spatially unresolved) core. Extended radio sources can be divided into Fanaroff–Riley class I (FR I)
sources whose lobes are brightest in the centre and fainter towards their edges, and Fanaroff–Riley class II (FR II) sources whose lobes are limb-brightened and often show enhanced emission at the edges of the radio structure. FR II sources are more luminous than FR I sources.

						

							
							The compact cores of radio galaxies are smaller than 0.01 pc in size and their spectra are usually flat (i.e. [image: no alternative text]< 0.5) over several orders of magnitude in frequency.

						

							
							Some radio galaxies have extended linear structures known as jets, extending from the core to the lobes. Jets often appear only on one side of the radio galaxy, and in cases where two are seen, one is usually much fainter than the other.

						

							
							Quasars are variable in every waveband in which they have been studied, including both continuum and line emission, on timescales as short as a few days. This indicates that much of the radiation must come from regions of order light-days across.

						

							
							Quasars often have unusually blue colours and an excess at ultraviolet fluxes compared to stars. Their UV–optical spectra have strong, broad emission lines from hydrogen, and other common chemical elements.

						

							
							Since quasars are observed at high redshift, they provide a probe of the Universe when it was only a fraction of its current age. They can serve as luminous background sources against which other, closer structures may be observed.

						

							
							Radio-quiet quasars are around 100 times fainter in radio emission and around 10–20 times more numerous than the radio-loud quasars.

						

							
							Observational samples of galaxies and AGN are subject to the Malmquist bias. It is easier to detect more luminous objects at greater distances than it is to detect low-luminosity objects at these same distances. So, any flux-limited sample will contain a greater representation of high-luminosity objects and will contain relatively few low-luminosity objects at large distances, despite the fact that low-luminosity members of a class of objects are usually the most numerous. The 3C radio catalogue, for example, suffers from a strong Malmquist bias.
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  			Appendix 1

  			  Constants

  			  
  			    Constants

  			    View table


  			  
  			  Unit conversions

  			  Distance:

  			  
  			  1 astronomical unit (AU) = 1.496 × 1013 cm = 1.496 × 1011 m

  			  1 light year (ly) = 9.461 ×1017 cm = 9.461 × 1015 m

  			  1 parsec (pc) = 3.086 × 1018 cm − 3.086 × 1016 m

  			  1 ångstrom (Å) = 10−8 cm = 10−10 m

  			  
  			  
  			  Energy: 1 erg = 1 g cm2 s−2 = 10−7 J

  			  Force: 1 dyne = 1 g cm s−2  = 10−5 N

  			  Magnetic field: 1 gauss = 10−4 tesla

  			  
  			  Angular measure:

  			  
  			  1° = 60 arcmin = 3600 arcsec

  			  1° = 0.01745 radian

  			  1 radian = 57.30 °

  			  
  			
			
Answer

							They asserted that the QSOs had large motions through space, rather than receding as part of the overall cosmological expansion of space. One suggestion was that QSOs were ejected from nearby galaxies at relativistic velocities.

						Answer

		Because the accretion luminosity cannot exceed the Eddington Limit, which is proportional to M.

	Answer

				      It is thought that accretion onto supermassive black holes powers the emission from active galactic nuclei. In basic physics terms, the electromagnetic radiation is powered by the liberation of gravitational potential energy as matter falls in the gravitational field.

				      You may also have included some discussion of how the viscosity of the accreting material plays a role in converting kinetic energy into thermal energy and consequently radiation.

            Answer

				      The virial theorem is derived from the equation of hydrostatic equilibrium: therefore the assumption behind the use of this equation is that a state of equilibrium under self-gravity holds.

				      If the Seyfert galaxy was far from equilibrium, it would be unlikely that the emission would last for as long as 108 years. So, while it is clear that some material must be falling under the gravitational influence of the supermassive black hole, it is probably safe to assume a near-equilibrium configuration for our first estimate of the mass of the central black hole.

            Answer

							The bar in Figure 7 represents 8 arcsec, while the image in Figure 8 is only about 3 arcsec across: the scale on the axis extends from about −1.5 arcsec to about +1.5 arcsec, and is centred on Sgr A*.

						Answer

				      Redshift refers to the shifting of the wavelength of a spectral line. Cosmological redshift indicates that this shifting in wavelength in the light emitted by a distant source occurs as a consequence of the overall expansion of the Universe. If a redshift is cosmological, Hubble's law can be used to infer the distance of the emitting object.

            Answer

								Magnetic fields and relativistically moving electrons.

							Answer

									The total number of electrons is equal to the sum over all possible energies, E, of the number of electrons with energy [image: no alternative text]

								Answer

				      Choosing two convenient points on the straight line, for example (x = 9.0, y = 1.75) and (x = 10.0, y = 1.25), we can calculate the slope of the line. The slope is

				        [image: ]

				      Putting in the values we get

				        [image: ]

				      Comparing this with the information in Section 7.5, we see that in this case, the power-law index, [image: no alternative text], is [image: no alternative text] = 0.5. But we must note that the question asked instead for the particle exponent, s, so we need to determine s using the relationship [image: no alternative text] = (s−1)/2.

				      Rearranging, we have s = 2[image: no alternative text]+ 1, i.e. s = 2(0.5) + 1,

				      Our final answer is that the graph shows synchrotron emission from a distribution of electrons with a particle exponent s = 2.

            Answer

				      There are three ways you might have approached this question. A method which the material in this unit might have suggested is to use Figure 9, noting that it has logarithmic axes. The Rayleigh–Jeans tail is the part of the Planck function which appears as a positive gradient straight line in this graph. A power-law relationship will always appear as a straight line in a log–log plot. Since the line has a positive gradient, p must be positive: both facts imply that Bν, Rayleigh–Jeans increases as [image: no alternative text] increases. We can use this to check that our answer makes sense.

				Clearly, the Rayleigh–Jeans tail is easiest to measure for the uppermost curve plotted on Figure 9 because it is (a) longer, and (b) less cluttered by other lines which might confuse the issue. To measure the gradient of the straight line, we need to:

				
						
						choose two points which are widely separated, and read off the (log10[image: no alternative text], log10B [image: no alternative text]) values for each;

					

						
						subtract them to work out the values of Δlog10[image: no alternative text] and Δlog10B [image: no alternative text] for each; and

					

						
						(iii) divide to evaluate
[image: no alternative text]
which is the gradient of the line in the graph.

					

				

				Applying this method, the points marked on Figure 18 illustrate one sensible choice. Reading off the (log10[image: no alternative text], log10B[image: no alternative text]) values, we have the lower point at (log10[image: no alternative text] = 5, log10B [image: no alternative text] = −19.5) and the upper point at (log10[image: no alternative text] = 16, log10B [image: no alternative text] = 2.5).

				[image: Figure 18]

						Figure 18 A copy of Figure 9 with two example points chosen
[bookmark: d0e2572]Show description 16


				Therefore Δlog10[image: no alternative text] = 16 − 5 = 11 and Δlog10 B [image: no alternative text] = 2.5 − (−19.5) = 22

				Hence 
[image: no alternative text]
				

				The question asked us ‘if we write B[image: no alternative text], Rayleigh–Jeans [image: no alternative text] [image: no alternative text]p, what is the value of p?’. Taking logarithms of both sides of the expression we have 
[image: no alternative text]
				

				where we used the properties of logarithms in the second step. Hence if we make the substitutions y = log10B [image: no alternative text] and x = log10 [image: no alternative text], and recall that a straight-line graph represents the general equation 
[image: no alternative text]

we see that a graph of log10B [image: no alternative text] versus log10 [image: no alternative text] will be a straight line of gradient p.

				Thus, using the result evaluated in (iii) above, we see that p = 2.

				Therefore the Rayleigh–Jeans tail of the Planck function is a power law, B[image: no alternative text], Rayleigh–Jeans [image: no alternative text] [image: no alternative text]2.

				
				Another more straightforward way to answer the question would have been to use the expression for the Rayleigh–Jeans tail given in Equation 11 to deduce p = 2.

            Answer

				      (a) Using a magnetic field strength of 10−9T, to produce synchrotron radiation with radio frequencies, i.e. a few × 109 Hz, requires input electron energies of a few × 109 eV, i.e. a few GeV. This means that very energetic electrons are needed to produce even radio synchrotron emission which lies at the low-energy end of the electromagnetic spectrum.

				      (b) If the magnetic field strength is reduced to 10−10T, then even more energetic electrons, with energies of at least 10 GeV (1010 eV), are required to produce radio synchrotron emission.

            Answer

									The rest frame of the observer is the obvious choice, since this is the frame in which the initial and final energies of the photon are to be measured. In the case of inverse Compton scattering occurring in an AGN, the rest frame of the AGN itself is a sensible alternative choice, since both the initial and final photon energies will be affected by the cosmological redshift.

								Answer

				      The first paragraph of Peterson section 1.3 gives:

				
						
						star-like objects identified with radio sources

					

						
						time-variable continuum flux

					

						
						large UV flux

					

						
						broad emission lines

					

						
						large redshifts

					

						
						large X-ray flux

					

				

				as typical common characteristics of quasars.

            Answer

		[image: no alternative text]. This comes from the relationship arising from [image: no alternative text] on Peterson page 8: [image: no alternative text], so [image: no alternative text] – 2 = 1, therefore [image: no alternative text] = 1 + 2 = 3.

	Answer

				      
						
						(a) 3C 465 is a FR I galaxy. It is clearly brightest in the centre, with the surface brightness decreasing towards the edges of the lobes. Figure 25 shows an annotated version of the intensity maps in Figure 24.

					

						
						(b) 3C 105 shows the regions of enhanced emission at the edge of the radio lobes characteristic of the FR II class.

					

				

				[image: Figure 25]

						Figure 25 (a) The central regions of this radio galaxy (3C 465) are brightest: they are surrounded by the most contour lines. Hence it can be classified as a member of the FR I class. (b) This radio galaxy (3C 105) shows regions of bright emission at the extreme edges of the lobes, i.e. it exhibits ‘limb-brightening’. Hence it can be classified as a member of the FR II class
[bookmark: d0e3426]Show description 23


            Answer

								The observation was made at a wavelength of 6 cm. We can work out the corresponding frequency using the equation relating speed, frequency, and wavelength for electromagnetic radiation, [image: no alternative text] = c /λ. Inserting values (using cgs units), we find,

[image: ]

							Answer

				      The permitted lines are: Hδ, H[image: no alternative text], Hβ, H[image: no alternative text], HeI λ3587, CaK, HeII λ4686, HeI λ5876, NaD, Ly[image: no alternative text], NV λ1240, SiIV λλ1394, 1403, CIV λ1549, HeII λ1640, OI λ1304, CII λ1335.

				      The forbidden lines are: [NeV] λ3425, [OII] λ3727, [FeVII]λ3760, [NeIII] λ3869, [OIII] λ4363, [OIII] λ4959, [OIII] λ5007, [FeVII] λ6087, [NII] λ6583, [OI] λ6300, [NV] λ3346, [NIII] λ3968, [SII] λ4071, [CaV] λ5309, [FeVII] λ5721, [OI] λ6364, [FeX] λ6374, [SII] λλ6717, 6731.

				      The semiforbidden lines are: OIV] λ1402, OIII] λ1663, SiIII] λ1892, CIII] λ1909, NIV] λ1486, NIII] λ1750

            Answer

				      The wavelength and frequency are related by the wave equation: c = λ[image: no alternative text], where c is the speed of light and λ and [image: no alternative text] are the wavelength and frequency respectively. Therefore, at wavelength 912 Å, the frequency is
[image: no alternative text]
where we have been careful to use consistent units of length. Evaluating this we obtain [image: no alternative text] = 3.29 × 1015 Hz.

				    The energy of the photon is given by Eph = h[image: no alternative text], so evaluating this with h = 6.626 × 10−34 J s, we obtain E ph = 6.626 × 10−34 × 3.29 × 1015 J, i.e. Eph = 2.18 × 10−18 J. If we instead use the cgs value for h: h = 6.626 × 10−27 erg s, we obtain Eph = 6.626 × 10−27 × 3.29 × 1015 erg, i.e. Eph = 2.18 × 10−11 erg. We could alternatively have arrived at this by multiplying the answer in joules by 107, since there are 107 erg per joule. To obtain the energy of the photon in electronvolts we need to remember that an electronvolt is the energy gained by accelerating an electron through a potential difference of 1 volt. Since the charge on the electron, e = 1.602 × 10−19 C, and 1 joule is liberated by accelerating a coulomb of charge through a potential difference of 1 volt, the energy in electronvolts is the energy in joules divided by the number of coulombs carried by a single electron. Hence 

				    Eph = 2.18 × 10−18 J = (2.18 × 10−18)/(1.602 × 10−19) eV = 13.6 eV

				      The natural choice of units here is electronvolts, as the value of Eph is an easily visualised quantity in these units.

				      You may recognise this as the energy required to ionize hydrogen.

            Answer

								Colours are unaffected by changes in distance (except if reddening is important), so objects can be compared by simply plotting their measured colours. To make a colour–magnitude diagram the distance is needed to convert from apparent magnitude to absolute magnitude when the objects are not all at the same distance.

							Answer

								The Wien tail is the short-wavelength (or equivalently the high-energy) part of the blackbody spectrum.

							Answer

								Because these are the hottest stars, and therefore will have the largest U-excess (see the vertical axis of Peterson Figure 1.6).

							Answer

								This effect occurs for quasars with redshifts such that the Lyman [image: no alternative text] emission line (which has rest wavelength 1216 Å) appears in the observed U band (i.e. between 3000 Å and 4000 Å). Because Lyman [image: no alternative text] is such a strong emission line, it causes an appreciable enhancement in the U band apparent brightness. Consequently quasars whose continuum emission would have been too faint to detect without the contribution of the line emission can be detected. As a result it might appear that there are more quasars than otherwise expected at these redshifts.

							Answer

							By detecting redshifted absorption lines in the spectra of even more distant quasars.

						Answer

							Because there would be several serious selection effects:

							
									The 3C catalogue is a radio catalogue, so all the entries are example of radio-loud quasars, which are only about 10% of the total population of quasars.


									The 3C catalogue only contains objects which appear very bright, so suffers from a strong Malmquist bias.


									The 3C catalogue was made with low angular resolution observations, and is limited by ‘confusion’ where sources overlap. This could cause additional selection effects, such as excluding objects in clusters of galaxies.


							

						Answer

							Not necessarily. Dust in the vicinity of an AGN may absorb optical light, so infrared searches reveal more AGN.
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Discussion 1

							
								Apparently stellar in this context means a point source of light, rather than an extended object such as a galaxy.

							In describing the observational characteristics of AGN, Frank, King and Raine use the term non-thermal spectrum. This concise term means that the electromagnetic radiation emitted does not have the blackbody spectrum. The blackbody spectrum is physically very simple: its shape is determined by a single parameter, the temperature, T, of the emitting source. However not all sources of light emit blackbody radiation. For example, the electromagnetic radiation emitted by an accelerated electron does not have a blackbody spectrum. We discuss this in Section 7.

							Keywords: central engine
							

						Discussion 2

								Morphology is a technical way of referring to shape. Thus the ‘radio morphology’ referred to in the opening section of Peterson 1.3.1 is simply the shape(s) of the spatially resolved radio emission.

								Keywords: spectral energy distribution (SED), power law, power-law index, [image: no alternative text]

							Discussion 3

								
									Surface brightness refers to the amount of radiation per unit solid angle. An extended source may have a large total brightness, without having a particularly high surface brightness. In contrast, the small nucleus of a Seyfert galaxy emits about the same amount of radiation as the total emitted from the entire host galaxy. The nucleus has high surface brightness, the surrounding galaxy has low surface brightness.

								
								Keywords: Fanaroff–Riley (FR) classes I and II, core, lobe, jet

							Discussion 4

								
									Coherence arguments are to do with light travel time.

								The chanting of the crowd at a football match is often incoherent: several versions of the same chant will be heard from different sections of the crowd, with perceptible time delay(s) compared to the leading chant. This occurs not because football crowds are a disorganised rabble, but because the time taken for sound to travel from one end of the stadium to the other causes an appreciable delay. In contrast, members of a choir inside a concert hall sing coherently. They have no difficulty in keeping in time, because the distance between the singers is small, so the sound travel time from one to another is imperceptibly small.

								Keywords: variability, timescale

							Discussion 5

								Peterson Figure 1.6 is a colour–colour diagram and the annotated line is the locus of the main sequence in this graph: that is to say, any main-sequence star should fall on (well, nearby!) this line. Any source of light which has intrinsic colours which deviate from this line cannot be a normal main-sequence star. Thus probable quasars can quickly be picked out.

								In section 1.3.3 Peterson refers to the blackbody distribution, this is just shorthand for ‘blackbody spectral energy distribution’, which you know as the ‘blackbody spectrum’.

								The Balmer continuum absorption edge is also known as the Balmer jump. This feature corresponds to the threshold (λ = 3646 Å) at which a photon can cause an ionization from the n = 2 level of hydrogen. Less energetic photons can only be absorbed by hydrogen in the n = 2 initial state if their wavelength corresponds to one of the Balmer series lines. Photons with energies just above the Balmer continuum absorption edge are very likely to be absorbed by any hydrogen atom in the n = 2 state that they encounter, causing a photoionization. Consequently, for stars hot enough for there to be significant numbers of hydrogen atoms in the n = 2 excited state, the emitted flux drops appreciably at wavelengths λ< 3646Å compared with λ > 3646 Å.

								Keywords: Balmer jump (= Balmer continuum absorption edge), UV excess, flux-limited sample, equivalent width

							Discussion 6

							Keywords: cosmological probes, luminosity function, quasar absorption lines

						Discussion 7

							
								High Galactic latitude refers to directions which are away from the plane of the Milky Way Galaxy, see Figure 30. The plane of the Milky Way is at Galactic latitude = 0°, in the same way that the Earth's equator is at (terrestrial) latitude = 0°. Directions close to Galactic latitude = 0° go through the most densely populated parts of the disc of the Milky Way where dust obscures distant sources and there are many foreground stars belonging to the Milky Way. Extragalactic astronomers make observations primarily of objects at high Galactic latitude, where the line of sight is out of the disc, so that a higher proportion of the detected objects will be distant galaxies. The Hubble Deep Field (see Figure 31) is an example of a high Galactic latitude line of sight.

							Keywords: luminosity function, radio-loud, radio-quiet, sample selections

						
					
					[image: Figure 30]

							Figure 30 Galactic latitude is measured from 0° in the plane of the Milky Way Galaxy. The figure shows lines of constant Galactic latitude and longitude overlaying (a) an optical image of the entire sky (b) an infrared image of the entire sky. In the optical image the dust in the plane of the Milky Way is clearly apparent. The dust is more transparent at infrared wavelengths, so the centre of the Milky Way is seen in image (b)
[bookmark: d0e4265]Show description 28


					[image: Figure 31]

							Figure 31 The Hubble Deep Field. Most of the objects in this picture are distant galaxies. As well as containing few foreground stars, this line of sight was chosen because it contains no bright nearby extragalactic objects
[bookmark: d0e4279]Show description 29


					Constants
	Constant	Symbol	cgs value	SI value

                  	Mass of the Sun	M[image: no alternative text]	1.99 × 1033 g	1.99 × 1030 kg
  			        

                  	Radius of the Sun	R[image: no alternative text]	6.96 × 1010 cm	6.96 × 108 m
  			        

                  	Luminosity of the Sun	L[image: no alternative text]	3.83 ×1033 erg s−1	3.83 × 1026 J s−1
  			        

                  	Gravitational constant	G	6.673 × 10−8 dyne cm2 g−2	6.673 × 10−11 N m2 kg−2
  			        

                  	Speed of light in vacuum	c	2.998 × 1010 cm s−1	2.998 × 108 m s−1
  			        

                  	Boltzmann constant	k	1.381 × 10−16 erg K−1	1.381 × 10−23 J K−1
  			        

                  	Planck constant	h	6.626 × 10−27 erg s	6.626 × 10−34 J s
  			        

                  	Electron rest mass	me	9.109 × 10−28 g	9.109 × 10−31 kg
  			        

Select column heads to sort the table.
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8 Basic Propertiesand a Brief Historical Perspective

13 Properties of Quasars

By late 1964, Schmidt had studied a aufficent number of quasars to define their
properties (Schmidt 1969):

o Star-like objects identified with radio sources.
Time-variable continuum flux.

Large UV flux.

» Broad emisson lines.

» Large redshifts.

Not al objects that we now cal AGNs share every one of these properties. In fact,
the single mogt common characteristic of AGNs is probably that they are dl luminous
X-ray sources (Elvis et al. 1978). Nevertheless, the characteristics identified by Schmidt
are important for understanding the physics of AGNs and as wdl as understanding
the techniques by which AGNs are found. We will therefore discuss these various
properties individualy beow.

In more modern terms, one of the defining characteristics of quasars is their very
broad spectra energy distribution, or SED (Fig. 13). Quasars are among the most
luminous objects in the sky a every wavelength a which they have been observed.
Unlike spectra of stars or gdaxies. AGN spectra cannot be described in terms of
blackbody emisson a a single temperature, or as a composite over a smdl range in
temperature. Non-thermal processes, primarily incoherent synchrotron radiation, were
thus invoked early on to explain quasar spectra.

In general, the broad-band SED of a quasar continuum can be characterized cruddy
as a power law

! v ™ (1.5)

where a is the power-law index, C is a constant, and F, is the spedific flux (i.e, per unit
frequency interval), usualy measured in units of ergs s> cm™? Hz*. The convention
that we adopt throughout this book is that a positive spectral index characterizes a
source whose flux dendty decreases with increasing frequency. The reader is cautioned
that some authors absorb the minus dgn into the definition of the spectral index
(eg, F, = CVv'). Spedfic fluxes, particularly in the ultraviolet and optical parts
of the spectrum, are often measured per unit wavelength interva (i.e, in units of
ergs s’ cm?A™) rather than per unit frequency interval. The total flux measured in
any bandpass is the same, of course, whether the bandwidth is measured in frequency
or in wavelength, so the relationship F,dv = FEx.dk aways holds. The transformation
between the two systems is thus

i I
I I (1.6)

s0 an equivaent form to eg. (L5) is F. = C'X' 2

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 13. The spectra energy distribution (SED) of the Seyfert 1 gdaxy NGC 3783
(Alloin et al. 1995), from radio to y-ray energies. Shown for comparison is SED for a
normal (type Sbe) gdaxy, from a template spectrum compiled by Elvis et al. (1994). The
flux scde of the norma gdaxy spectrum has been adjusted to give the correct relative
contribution of AGN component and starlight for NGC 3783 (in mid-1992) at 5125 A
through a 5" x 10" spectrograph aperture.

Fits to quasar spectra over large frequency ranges yield spectral indices that are
typically in the range Oi a” 1, but different values of a are found for different
spectral ranges. Indeed, it is obvious that a single power law cannot hold over al
frequencies as the integrated power would diverge either at high frequencies (for a < 1)
or a low frequencies (for a > 1). Over a frequency range vi — vi, the total power
received is

P(vi,va) = / F.dh ( / o

The case a = 0, a 'flat spectrum’ on a conventional plot of specific flux versus frequency,
has equal energy per unit frequency interval and the case a = 1 has equal energy per

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.





10 Basic Properties and a Brief Historical Perspective

unit logarithmic frequency interval.t A useful way to plot the broad-band SED in
guasars is on alogvF,. versus logv diagram, asin Fig. 13. In this case, the power-law
distribution becomes vF, oc V%, so the case a = 1 is a horizonta line in such a
diagram, and the a = O spectrum rises with frequency. This is the preferred format
for examining where the quasar energy is actually emitted as it reflects the amount of
energy emitted in each equaly spaced interval on the logarithmic frequency axis.

131 Radio Properties of Quasars

The radio morphology of quasars and radio gdaxies is often described broadly in terms
of two components, 'extended’ (i.e., spatialy resolved) and 'compact’ (i.e,, unresolved at
~1" resolution), that have different spectral characterigtics, athough the synchrotron
mechanism seems to be at work in both cases. The extended-component morphology
is generaly double, i.e, with two 'lobes of radio emisson more or less symmetrically
located on either Sde of the optical quasar or center of the galaxy. The linear extent of
the extended sources can be as large as megaparsecs. The position of the optical quasar
is often coincident with that of a compact radio source. The mgor difference between
the extended and compact components is that the extended component is opticaly thin
to its own radio-energy synchrotron emission, whereas this is not true for the compact
SOUrCes.

Although a detailed discussion of synchrotron radiation is beyond the scope of
this book, we will summarize some of the basic properties of synchrotron-emitting
sources. For a homogeneous source with constant magnetic field B, a power-law
continuum spectrum (eq. 15 can be generated by the synchrotron mechanism by an
initial power-law distribution of electron energies £ of the form

N(E)dE = Ny E™* dE,

where a = (s— |)/2. For the extended component, a typica observed vaue of the
power-lav index is (&) w 0.7, 0 (9 « 24. This applies a higher frequencies where
synchrotron self-absorption is not important. At lower frequencies, the emitting gas
is opticaly thick and the the trend towards increasing flux with decreasing frequency
turns over to yidd F, oc v®2 The turn-over frequency increases with the density of
relativistic electrons in the source, although it depends on other parameters as wel.
The relativistic particle dendities in the extended radio components are low enough that
they are opticaly thin even a very low radio frequencies (at least to the 3C frequency
of 158 MHz). Radio spectra sometimes curve downward a higher frequencies (i.e.
a increases with v). The basic reason for this is that eectrons radiate at frequencies
proportional to their energies £, and the rate at which they lose energy is proportional
to £. Thus, the highest-energy electrons radiate away their energy the most rapidly.

t The case a= | is sometimes described as having equa energy per decade (or octave), i.e. over any factor
of 10 (or two) in frequency.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.





1.3 Properties of Quasars 13

features known as 'jets\t which are extended linear structures (Bridle and Perley 1984).
An example of ajet is seen in the FR Il source shown in Fig. 14. Jets appear to
originate at the central compact source and lead out to the extended lobes. They often
show bends or wiggles between the central source and the point where the jet appears
to expand into the extended radio structure. The appearance of jets suggests that
they transport energy and particles from the compact source to the extended regions.
Jets often appear on only one side of the radio source, and in cases where jets are
seen on both sides one side (the ‘counter-jet’) is much fainter than the other. The
difference in brightness is thought to be primarily attributable to '‘Doppler beaming'
which preferentially enhances the surface brightness on the side that is approaching
the observer.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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14 Radio-Quiet Quasars

It was very quickly realized that the laborious task of examining the fields of radio
sources was not the only way to find quasars. Any of the characteristics discussed
above could be used to isolate quasar candidates. Ryle and Sandage (1964) noted that
a search for U-excess objects would be particularly simple. The simplest approach is
to take two photographs of a portion of the sky, one photograph with a B filter and
one with a U filter. The relative exposure times are selected so that stars of spectral
type A have equal intensities on the two photographs. Comparison of the photographs
in a blink comparator leads to the immediate identification of all the U-excess objects,
which form the minority of objects, as these have brighter U images than B images,
unlike all of the cooler stars. At high Galactic latitude, contamination of the derived
sample by O and B stars should be negligible.

This technique was employed very effectively by Sandage on the Mt. Wilson 100-
inch telescope and by Lynds with the KPNO 84-inch telescope; in fact, the technique
worked so well that many more UV-excess objects were found than suspected on the
basis of the number of the surface density of known radio-selected quasars. Many of
the first quasars selected by color were drawn from surveys for faint blue objects like

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.





1.4 Radio-Quiet Quasars 19

g N ey —
24 — —
' ¢
— : c. =S
_§ >
8 o
E
z ; -
E
} —
sl o 4o B o B b g
0 1 2 3 Bl 5

Redshift z

Fig. 1.9. The Hubble diagram (apparent magnitude vs. redshift) for 7031 quasars in the
Hewitt and Burbidge (1993) catalog. The vertical width of the distribution is due to the
broad quasar luminosity function, i.e., at any redshift, the wide range of apparent
magnitudes is due primarily to the wide range of quasar absolute magnitudes.

white dwarfs and horizontal-branch stars such as the PHL (‘Palomar-Haro-Luyten’;
Haro and Luyten 1962) catalog. Sandage (1965), on the basis of further data obtained
on the very wide-field (6° x 6°) Palomar 48-inch Schmidt telescope, estimated that
the total density of ‘blue stellar objects” was as high as ~ 3 per square degree down
to magnitude 18.5. After some initial confusion, it was realized that most of these
high-latitude sources were in fact white dwarfs and RR Lyrae stars; nevertheless, there
was a substantial population of quasar-like objects which could be optically selected.
These were dubbed ‘quasi-stellar objects’, or QSOs. The terms ‘quasar’ and ‘QSO’ are,
however, now used virtually interchangeably, except by purists, who still reserve the
term ‘quasar’ for radio-loud quasi-stellar sources

The long-wavelength SEDs of optically selected QSOs turn out to be markedly
different from those of radio-selected quasars in that the radio emission (relative to
the UV-optical-IR) is typically around 100 times lower in the radio. These so-called

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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‘radio-quiet’ QSOs turn out to be 10-20 times more numerous than their radio-selected
(or ‘radio-loud’) counterparts. The initial QSOs that were discovered, then, turn out to
constitute a relatively small subset of the AGN population. As a result, attempts to
construct ‘unbiased’ samples that are suitable for investigation of the QSO luminosity
function (Chapter 11), for example, have concentrated on optical techniques. It is thus
important to keep in mind that these optical surveys also detect the radio-loud objects.
A simple illustration of this is that the radio-selected source 3C 273 is the brightest
QSO in the sky in the optical and other wavebands as well - it will appear in virtually
any QSO sample that covers the part of the sky where it is located. Therefore, care
must be exercised in comparing the properties of ‘radio-selected’ and ‘optically selected’
quasar samples. The latter will be dominated by radio-quiet objects, but will not be
free of radio-loud objects. Such samples sometimes may be used safely in statistical
comparisons, but it is extremely dangerous to assume that individual objects in an
optically selected sample are radio quiet, unless they are clearly below the detection
limit of a radio survey and were not detected, but should have been detected if their
spectral energy distribution is typical of radio-loud objects.

It is sometimes necessary to try to distinguish carefully between radio-loud and
radio-quiet QSOs. A useful criterion (Kellermann et al. 1989) appears to be the radio-
optical ratio R, of specific fluxes (in, say, mJy) at 6cm (5 GHz) and 4400 A (680 THz);
for radio-loud objects R, is generally in the range 10-1000, and most radio-quiet
objects fall in the range 0.1 < R,_, < 1. While this still leaves some ambiguous cases
near the demarcation line, a criterion R,_, = 10 for ‘radio-loudness’ appears to be
appropriate.t

t This criterion means that on a log vF, diagram, the radio spectrum of a radio-loud object can fall as much
as four decades below the optical spectrum (see Fig 4.1).

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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135  Quasar Redshifts

The first few quasars discovered had redshifts that were comparable to those of the
most distant known clusters of galaxies. As more and more quasars were discovered
with the refinement of techniques for isolating them (see the next section and Chapter
10), the maximum measured redshifts continued to increase dramatically. By the
mid-1970s, several quasars with = I 3 had been found. The distributions of known
quasar redshifts and apparent magnitudes as of 1993 are shown in Figs. 1.7 and 1.8,
respectively. Aside from interest in how these sources produce such copious radiation
over a broad spectral range, it was also recognized that quasars provide a possibly
unique probe of the early Universe —~ the light that we are now detecting from the
most distant known quasars was emitted by them when the Universe was only a small
fraction of its current age, and has been in transit since. Quasars are still the only
discrete objects that can be observed with relative ease at = < I, and thus they are
a potentially important cosmological probe. However, in the context of cosmological
studies. quasars must be used judiciously. For example, early attempts at producing
a Hubble diagram for quasars (as in Fig. 1.9) were not very enlightening because the

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 1.7. The redshift distribution of 7236 quasars in the Hewitt and Burbidge (1993)
catalog.

luminosity function for quasars is very broad, and evolves with time (there are more
luminous quasars at high redshift: Chapter 11). An important early finding was that the
number of quasars per unit volume reaches a maximum somewhere around = = 2, even
after correction for the Lyx selection effect mentioned in §1.3.4; at earlier epochs (i.e.,
higher redshifts), they are comparatively rare. Detection of very high-redshift quasars
remains of great interest because their existence provides an important constraint on
the formation of large structures in the early Universe as well as on the formation of
heavy elements, which are clearly seen in the spectra of all quasars.

By the late 1960s, it was also apparent from high-resolution, high signal-to-noise
ratio spectra that quasars often have absorption lines in addition to the strong emission
features (Chapter 12). The absorption lines are generally much narrower than the
emission lines, and are usually detected at redshift lower than the emission-line redshift
of the quasar itself. These absorption features are thought for the most part to arise
in material unassociated with the quasars which lies at lower cosmological redshifts.
Thus, quasars also provide an important probe as luminous background sources against
which otherwise possibly undetectable structures can be observed.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 1.8. The distribution in apparent ¥ magnitude of 7110 guasars in the Hewitt and
Burbidge (1993) catalog.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 1.1. The optical spectrum of the Seyfert | galaxy NGC 5548. The prominent broad and narrow emission lines are labeled, as are
strong absorption features of the host galaxy spectrum. The vertical scale is expanded in the lower panel to show the weaker features.
The full width at half maximum (FWHM) of the broad components is about 5900kms~, and the width of the narrow components is
about 400 kms~'. The strong rise shortward of 4000 A is the Jong-wavelength end of the "small blue bump' feature which is a blend of
Balmer continuum and Feur line emission. This spectrum is the mean of several observations made during 1993 with the 3-m Shane
Telescope and Kast spectrograph at the Lick Observatory. Data courtesy of A. V. Filippenko.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 1.2. The ultraviolet spectrum of the Seyfert | galaxy NGC 5548, The prominent broad emission lines are labeled. The emission
labeled with the Earth symbol (*@’) arises in the extended upper atmosphere of the Earth and is known as "geocoronal’ emission. Mos! of
the labeled absorption features arise in our own Galaxy and thus appear blueshifted from their rest wavelengths since the spectrum has
been corrected for the redshift of NGC 5548 (= = 0.017). The labeled absorption features are Q1121302 (a), Cn 41335 (b), Sirv 441394,
1403 (c). Sin 41527 (d), and Civ 441548, 1551 (e). Another weak Civii]1548, 1551 doublet (f) is only slightly displaced shortward of
line center and presumably arises in NGC 5548 itsell. This spectrum is the mean of several observations obtained with the Faint Object
Spectrograph on the Hubble Space Telescope in 1993. Data courtesy of K. T. Korista.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 14. Example of an Fanaroff Riley type I (FR 1) galaxy. This is a radio map of the
Virgo cluster elliptical galaxy M84 (3C 272.1 = NGC 4373), based on 49 GHz data
obtained with the VLA by Laing and Bridle (1987). Data courtesy of A. H. Bridle,

figure by R. W. Pogge.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.





Extended radio structures can be divided into two separate luminosity classes (Fa-
naroff and Riley 1974). Class I (FR 1) sources are weaker radio sources which are
brightest in the center, with decreasing surface brightness towards the edges. In con-
trast, the more luminous FR 11 sources are limb-brightened, and often show regions
of enhanced emission cither at the edge of the radio structure or embedded within the
structure. Bridle and Perley (1984) give L,(14GHz) = 10® ergss” Hz' as the transi-
tion specific luminosity between the two types. Quasars are FR 11 sources. Examples
of FR I and FR II sources are shown in Figs. 14 and L5, respectively.

The characteristics of compact sources are quite different from those of the extended

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Fig. 15. Example of Fanaroff-Riley type II (FR II) galaxy. This is a map of the

z = 0.768 quasar 3C 175, as observed with the VLA at 4.9 GHz (Bridle e al. 1994). The
quasar itself is coincident with the bright compact source at (Aa, Ad) = (0,0). A jet
extending from the compact source to the extended radio lobes is observed on one side
of the source. FR II sources are edge-brightened, probably because of shock heating as
the radio-emitting plasma interacts with the ambient intergalactic medium. FR 1
sources are not edge-brightened, which suggests that their outflows are subsonic. Data
courtesy of A.H. Bridle, figure by R.W. Pogge.

sources. Very long-baseline interferometry (VLBI) yields upper limits on the sizes of
compact sources typically no better than ~0.01 pc. In contrast to the steep spectra of
extended sources, the radio spectra of compact sources are usually flat, i.e., with a < 0.5,
if a power-law form is assumed. Unless the initial electron energy distribution in the
compact source is quite flat and quite different from that which drives the extended
sources, a synchrotron spectrum is only approximately flat near the turnover frequency
and even then only over a limited frequency range. The flatness of compact source
spectra over several orders of magnitude in frequency is thus usually attributed to either
source inhomogeneity or the presence of a number of unresolved small discrete sources
within the compact core. In either case, different parts of the compact region become
optically thick at different frequencies, which can flatten the integrated spectrum of the
compact source over a suitably broad frequency range.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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features known as 'jets\t which are extended linear structures (Bridle and Perley 1984).
An example of ajet is seen in the FR Il source shown in Fig. 14. Jets appear to
originate at the central compact source and lead out to the extended lobes. They often
show bends or wiggles between the central source and the point where the jet appears
to expand into the extended radio structure. The appearance of jets suggests that
they transport energy and particles from the compact source to the extended regions.
Jets often appear on only one side of the radio source, and in cases where jets are
seen on both sides one side (the ‘counter-jet’) is much fainter than the other. The
difference in brightness is thought to be primarily attributable to '‘Doppler beaming'
which preferentially enhances the surface brightness on the side that is approaching
the observer.

The relative strength of the extended, compact, and jet components varies with
frequency since the different components have different spectral shapes. The relative
strengths also show considerable variation from source to source, with 'lobe-dominated'
sources having steep spectra and ‘core-dominated' sources having flat spectra. At least
part of the observed differences among quasars must be due to orientation effects;
whereas the extended components probably emit their radiation isotropically, the
compact and jet components emit anisotropically. This will be discussed further in
Chapters 4 and 7.

Because of the different observing frequencies and detection limits of the various
radio surveys used to find quasars, each of the major radio-source catalogs contains
certain selection biases. For example, the 3C sources tend to be those which are the
very brightest at low frequencies, which will bias selection toward the high-luminosity,
steep-spectrum (and thus lobe-dominated) sources. The 4C survey was more sensitive
and tended to turn up sources which are in general of lower luminosity. On the other
hand, the Parkes survey, which was undertaken at higher frequencies, tended to select
a relatively greater fraction of fiat-spectrum (and thus core-dominated) sources. Steep-
spectrum sources, on the other hand, can be missed because they can fdl below the
detection limit at higher frequencies. For example, a source near the 4C detection limit
(2Jy at 178 MHz) will fal below the Parkes detection threshold (1 Jy at 1410 MHz) for
a> 0.34.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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133 Ultraviolet Fluxes

Quasars are often found to have unusually blue broad-band optical colors. Johnson
UBV photometry in particular shows that U~ B is remarkably small (ie., large negative
values), and this is often referred to as the ‘ultraviolet (UV) excess’ of quasars. Quasars
occupy a region on the two-color diagram which is not heavily populated by stars, as
shown in Fig. 1.6.

It must always be kept in mind that statements such as ‘quasars are very blue
objects” or ‘quasars show an ultraviolet excess’ are relative statements, which refer 1o
their spectral energy distribution relative to stars, One must remember that in most
stars there is relatively little flux in the U band: in cooler stars, the U band is in the
Wien tail of the blackbody distribution, and in hotter stars, the Balmer continuum
absorption edge occurs in the center of the band (ie., at 3646A), so there is a real
deficit in the number of photons in the shortward half of the band. Any AGN-type
power-law spectrum shows a higher ratio of U flux 1o B flux than does an A star, even
though there is really less energy per unit frequency at shorter wavelengths than at
longer. Thus, the fundamental reason that quasars appear to have an ultraviolet excess
is that quasar spectra are flatter than A-star spectra through the U and B bands.

1.34  Broad Emission Lines

The UV-optical spectra of quasars are distinguished by strong, broad emission hnes.
The strongest observed lines are the hydrogen Balmer-series lines (Hx 46563, Hff 24861,
and Hy 74340), hydrogen Lyx 21216, and prominent lines of abundant ions (Mg 11 22798,
Cm] 41909, and C1v A1549); these lines appear in virtually all quasar spectra, but
depending on the redshift of the quasar, some may not be observable if they fall
outside the spectral window of a particular detector. Typical flux ratios are given in
Table 1.1, along with typical equivalent widths, defined by

W, = f B -1l (19)

Fold)

where Fi(4) is the observed flux across the emission line at the wavelength 4, and F(4)
is the continuum level underneath the emission hine. Both of these quantities are specific
fluxes that are conventionally measured in units of ergss™' em A", so the equivalent

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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U-B

B-V

Fig. 1.6. The locations of 788 quasars from the Hewitt and Burbidge (1993) catalog on
a two-color (U — B vs. B — V) diagram. The locus of the zero-age main sequence, with
spectral types indicated, is also shown. The line in the lower left shows how points will
be translated due to amounts of reddening corresponding to visual extinction Ay (based
on the extinction curve of Cardelli, Clayton, and Mathis (1989) with

Ry = A(V)/E(B — V) = 3.1). Mosl quasars with measured UBV magnitudes arc
color-selected, i.e., identified as quasar candidates on the basis of their blue colors,
especially U — B < 0.

width is measured in angstroms.t It is nearly always sufficient to approximate eq. (1.9)
by

F
W, ==, (1.10)
“ T Fus)
where Fy, is the total line flux, usually in units of ergss™ em™2,
+ X-ray fluxes are sometimes given in units like photons s cm™ keV~, so equivalent widths of X-ray

lines are given in keV

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Table 1.1
Typical Emission-Line Strengths in AGNs

Line Relative Flux Equivalent Width

(Lyx + Nv = 100} (A)
Lyx 21216 + Nvil240 100 75
Civ 41549 40 35
Cm) 21909 20 20
Mg A2798 20 30
Hy 24340 4 30
Hp 74861 8 60

The correct interpretation of emission-line equivalent widths is that they provide
an estimate of how large a continuum range one would need to integrate over to
obtain the same energy flux as is in the emission line. This is especially relevant in the
context of broad-band photometry of quasars; for example, if we compare the colors
of high-redshift quasars, we find that the U band is greatly enhanced for quasars with
z = 2, since the Lyx emission line then falls in the U band and alone attributes more
than ~ 12% (= W;(Lyx)/W(U), where W(U) = 680 A, the width of the U bandpass)
of the flux in the band. This means that in a flux-limited sample, quasars with strong
emission lines in a given bandpass are more likely to be detected, which can thus lead
to the erroneous conclusion that there are excess quasars at particular redshifts: we
will return to this topic in Chapter 10.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Quasars are variable in every waveband in which they have been studied. not only in
the continuum but in the broad emission lines as well. Optical continuum variability
of quasars was established even before the emission-line redshifts were understood
(e.g. Matthews and Sandage 1963), and variability was one of the first properties of
Quasars to be explored in detail (e.g.. Smith and Hoffleit 1963). A few quasars had been

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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identified as unusual ‘variable stars’ (e.g, GQ Comae = 12024281 and BL Lacertae =
2200+4-420) before their spectral properties were known. Many quasars were found to
be variable at the 0.3-0.5mag level over time scales of a few months. A few sources
were found to vary significantly on time scales as short as a few days. One can thus
conclude on the basis of coherence arguments that much of the radiation must come
from a region of order light days (1 light day = 2.54 x 10" cm) in size. This was
immediately perceived as a major problem, since a nucleus comparable in size to the
Solar System is emitting hundreds of times as much energy as an entire galaxy.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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Preface

Like many textbooks, this one arose out of the author's frustration. While | believe that
there are many excellent journal articles, scholarly reviews, conference proceedings, and
even a few advanced monographs on active galactic nuclei (AGNS), there is no single
place where a beginning student can get the very basic background necessary to get
the most out of the more research-oriented material. The aims of this book are thus
actually twofold: first, | wanted to summarize our basic, if marginal, understanding of
AGNs at what | believe is a levd of familiarity that should be expected of doctoral-
level students in astronomy, and second, | wanted to provide a fairly comprehensive
introduction to AGNs that would serve as a gateway to the more specialized review
articles and research literature for students who have research ambitionsin the field. The
intended audience is thus advanced undergraduate and beginning graduate students in
astronomy and astrophysics. Fairly complete undergraduate preparation in physics is
assumed, as is some basic understanding of extragalactic astronomy.

| have tried to focus on basic issues and avoid minutiae and arcane issues, even
though some of these undoubtedly will turn out to be tremendoudy important in
the future. | have attempted to compile the basic background material that is by-
and-large familiar to researchers in AGNs, although | caution that it is by no means
complete: research-level competence in the field of AGNs will require a good deal more
background than is given here. As a next step for the serious research student, 1 would
recommend the Saas-Fee course by Blandford, Netzer, and Woltjer (1990), Osterbrock's
(1989) text on nebular physics and AGNs, and the more recent review articles (mostly
in Annual Reviews of Astronomy and Astrophysics) cited in the Bibliography.

The book is obviously written from the point of view of an observer - there is
more discussion about the observed properties of AGNs than there is about what
physical mechanisms might be operative. Some relevant areas (e.g., radio astronomy
and astrophysics, accretion-disk theory, cosmology, nebular physics) receive only a
basic introduction here as they are covered in more detail elsewhere.

As will become immediately apparent, our understanding of the AGN phenomenon
is &ill in a primitive state after over 30 years of intensive research. This means that
beyond the unproven supermassive black-hole/accretion-disk paradigm, there really
is no widely developed consensus about the nature of AGNs. This alone probably
explains the dearth of introductory texts, and also serves to make it clear that the
content of this book reflects my personal impresson about what is essential in the
field, and does not necessarily represent a consensus view.

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.





xii  Preface

The organization of the book is intended to lead the novice through the basics of
the field in a coherent and reasonably self-contained fashion. 1 have tried to maintain
a clear distinction between the things we know, the things we have reason to believe,
and the things that we are not really very sure about at all. In the first two chapters,
the various types of AGNs and their observed properties are introduced, as much as
possible within a historical context to help clarify to the novice some of the basic
phenomenology and the traditional distinctions among the various classes of AGNs.
Chapters 3-8 provide an introduction to what I believe constitutes the general view of
the physical properties of AGNs, with the material organized from the smallest scales
to the largest. Following this description of the AGN phenomenon itself, attention is
focused on how AGNs can be used to explore the structure and history of the Universe.
A brief introduction is provided in Chapter 9 to the basic formalism that describes the
structure and evolution of the Universe. While most of this material is certainly covered
more completely and authoritatively in any number of books on cosmology, at the very
least this chapter introduces the notation that will be used throughout the remainder
of the book. The final three chapters discuss how QSOs are isolated in statistically
meaningful ways, the luminosity function and space distribution of QSOs, and QSO
absorption spectra, with particular attention paid to how these serve as cosmological
probes.

In accordance with the usual standards of the astronomical literature, cgs units and
appropriate astronomical units are used throughout. I have attempted to keep the
notation as consistent as possible with the notation generally used in the literature
(the cosmological equations generally follow the convention of Peebles), even though
this has sometimes led to some possible ambiguities (e.g., y is used in various places to
refer to the Lorentz factor, the damping constant, and the power-law index describing
the redshift dependence of QSO absorption systems), although use of various symbols
should be clear in context. One item that needs special attention is that I use A, to
denote the Hubble constant in units of 100 kms™' Mpc™'; the subscript, which is not
generally used in the literature, is added to avoid any possible confusion with Planck's
constant A.

As this is intended to be a general text and not a research monograph, the direct
citations to the literature are incomplete. Indeed many important and outstanding
journal articles have not been cited. The references given either justify directly some
specific point made in the text, are of historical interest, or just happened to be articles
with which I am familiar. I am certain that all astronomers who work on AGNs in the
field will feel some consternation at my omission of at least some of the papers that
they consider to be particularly important (many, no doubt, that they have authored
themselves), and in my own defense I argue only that excessive literature citations
would overburden both the reader and the author. I chose to cite only currently
published works (no preprints are cited), and whenever possible the citations are to
the refereed literature (which has been examined through December 1995) rather than
to conference proceedings or hard-to-obtain materials. Some of the material is not
attributed to any specific source, usually because the particulars are so well known

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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that they hardly seem to need justification. Much of the literature that shaped my own
thinking on AGNs | have cited in the Bibliography. The Bibliography includes not
only research review articles, which can supplement the materia presented here, but
adso alig of more-or-less genera references on AGNs which | have on one occasion
or another found useful or enlightening.

Bradley M. Peterson
Columbus, Ohio

Source: Peterson, B.M. (1977) An Introduction to Active Galactiv Nuclei,
Cambridge University Press.
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					if(checkHeaderMetadata(this) || checkHeaderOptions(table,index)) this.sortDisabled = true;
					
					if(!this.sortDisabled) {
						$(this).addClass(table.config.cssHeader);
					}
					
					// add cell to headerList
					table.config.headerList[index]= this;
				});
				
				if(table.config.debug) { benchmark("Built headers:", time); log($tableHeaders); }
				
				return $tableHeaders;
				
			};
						
		   	function checkCellColSpan(table, rows, row) {
                var arr = [], r = table.tHead.rows, c = r[row].cells;
				
				for(var i=0; i < c.length; i++) {
					var cell = c[i];
					
					if ( cell.colSpan > 1) { 
						arr = arr.concat(checkCellColSpan(table, headerArr,row++));
					} else  {
						if(table.tHead.length == 1 || (cell.rowSpan > 1 || !r[row+1])) {
							arr.push(cell);
						}
						//headerArr[row] = (i+row);
					}
				}
				return arr;
			};
			
			function checkHeaderMetadata(cell) {
				if(($.metadata) && ($(cell).metadata().sorter === false)) { return true; };
				return false;
			}
			
			function checkHeaderOptions(table,i) {	
				if((table.config.headers[i]) && (table.config.headers[i].sorter === false)) { return true; };
				return false;
			}
			
			function applyWidget(table) {
				var c = table.config.widgets;
				var l = c.length;
				for(var i=0; i < l; i++) {
					
					getWidgetById(c[i]).format(table);
				}
				
			}
			
			function getWidgetById(name) {
				var l = widgets.length;
				for(var i=0; i < l; i++) {
					if(widgets[i].id.toLowerCase() == name.toLowerCase() ) {
						return widgets[i]; 
					}
				}
			};
			
			function formatSortingOrder(v) {
				
				if(typeof(v) != "Number") {
					i = (v.toLowerCase() == "desc") ? 1 : 0;
				} else {
					i = (v == (0 || 1)) ? v : 0;
				}
				return i;
			}
			
			function isValueInArray(v, a) {
				var l = a.length;
				for(var i=0; i < l; i++) {
					if(a[i][0] == v) {
						return true;	
					}
				}
				return false;
			}
				
			function setHeadersCss(table,$headers, list, css) {
				// remove all header information
				$headers.removeClass(css[0]).removeClass(css[1]);
				
				var h = [];
				$headers.each(function(offset) {
						if(!this.sortDisabled) {
							h[this.column] = $(this);					
						}
				});
				
				var l = list.length; 
				for(var i=0; i < l; i++) {
					h[list[i][0]].addClass(css[list[i][1]]);
				}
			}
			
			function fixColumnWidth(table,$headers) {
				var c = table.config;
				if(c.widthFixed) {
					var colgroup = $('<colgroup>');
					$("tr:first td",table.tBodies[0]).each(function() {
						colgroup.append($('<col>').css('width',$(this).width()));
					});
					$(table).prepend(colgroup);
				};
			}
			
			function updateHeaderSortCount(table,sortList) {
				var c = table.config, l = sortList.length;
				for(var i=0; i < l; i++) {
					var s = sortList[i], o = c.headerList[s[0]];
					o.count = s[1];
					o.count++;
				}
			}
			
			/* sorting methods */
			function multisort(table,sortList,cache) {
				
				if(table.config.debug) { var sortTime = new Date(); }
				
				var dynamicExp = "var sortWrapper = function(a,b) {", l = sortList.length;
					
				for(var i=0; i < l; i++) {
					
					var c = sortList[i][0];
					var order = sortList[i][1];
					var s = (getCachedSortType(table.config.parsers,c) == "text") ? ((order == 0) ? "sortText" : "sortTextDesc") : ((order == 0) ? "sortNumeric" : "sortNumericDesc");
					
					var e = "e" + i;
					
					dynamicExp += "var " + e + " = " + s + "(a[" + c + "],b[" + c + "]); ";
					dynamicExp += "if(" + e + ") { return " + e + "; } ";
					dynamicExp += "else { ";
				}
				
				// if value is the same keep orignal order	
				var orgOrderCol = cache.normalized[0].length - 1;
				dynamicExp += "return a[" + orgOrderCol + "]-b[" + orgOrderCol + "];";
						
				for(var i=0; i < l; i++) {
					dynamicExp += "}; ";
				}
				
				dynamicExp += "return 0; ";	
				dynamicExp += "}; ";	
				
				eval(dynamicExp);
				
				cache.normalized.sort(sortWrapper);
				
				if(table.config.debug) { benchmark("Sorting on " + sortList.toString() + " and dir " + order+ " time:", sortTime); }
				
				return cache;
			};
			
			function sortText(a,b) {
				return ((a < b) ? -1 : ((a > b) ? 1 : 0));
			};
			
			function sortTextDesc(a,b) {
				return ((b < a) ? -1 : ((b > a) ? 1 : 0));
			};	
			
	 		function sortNumeric(a,b) {
				return a-b;
			};
			
			function sortNumericDesc(a,b) {
				return b-a;
			};
			
			function getCachedSortType(parsers,i) {
				return parsers[i].type;
			};
			
			/* public methods */
			this.construct = function(settings) {

				return this.each(function() {
					
					if(!this.tHead || !this.tBodies) return;
					
					var $this, $document,$headers, cache, config, shiftDown = 0, sortOrder;
					
					this.config = {};
					
					config = $.extend(this.config, $.tablesorter.defaults, settings);
					
					// store common expression for speed					
					$this = $(this);
					
					// build headers
					$headers = buildHeaders(this);
					
					// try to auto detect column type, and store in tables config
					this.config.parsers = buildParserCache(this,$headers);
					
					
					// build the cache for the tbody cells
					cache = buildCache(this);
					
					// get the css class names, could be done else where.
					var sortCSS = [config.cssDesc,config.cssAsc];
					
					// fixate columns if the users supplies the fixedWidth option
					fixColumnWidth(this);
					
					// apply event handling to headers
					// this is to big, perhaps break it out?
					$headers.click(function(e) {
						
						$this.trigger("sortStart");
						
						var totalRows = ($this[0].tBodies[0] && $this[0].tBodies[0].rows.length) || 0;
						
						if(!this.sortDisabled && totalRows > 0) {
							
							
							// store exp, for speed
							var $cell = $(this);
	
							// get current column index
							var i = this.column;
							
							// get current column sort order
							this.order = this.count++ % 2;
							
							// user only whants to sort on one column
							if(!e[config.sortMultiSortKey]) {
								
								// flush the sort list
								config.sortList = [];
								
								if(config.sortForce != null) {
									var a = config.sortForce; 
									for(var j=0; j < a.length; j++) {
										if(a[j][0] != i) {
											config.sortList.push(a[j]);
										}
									}
								}
								
								// add column to sort list
								config.sortList.push([i,this.order]);
							
							// multi column sorting
							} else {
								// the user has clicked on an all ready sortet column.
								if(isValueInArray(i,config.sortList)) {	 
									
									// revers the sorting direction for all tables.
									for(var j=0; j < config.sortList.length; j++) {
										var s = config.sortList[j], o = config.headerList[s[0]];
										if(s[0] == i) {
											o.count = s[1];
											o.count++;
											s[1] = o.count % 2;
										}
									}	
								} else {
									// add column to sort list array
									config.sortList.push([i,this.order]);
								}
							};
							setTimeout(function() {
								//set css for headers
								setHeadersCss($this[0],$headers,config.sortList,sortCSS);
								appendToTable($this[0],multisort($this[0],config.sortList,cache));
							},1);
							// stop normal event by returning false
							return false;
						}
					// cancel selection	
					}).mousedown(function() {
						if(config.cancelSelection) {
							this.onselectstart = function() {return false};
							return false;
						}
					});
					
					// apply easy methods that trigger binded events
					$this.bind("update",function() {
						
						// rebuild parsers.
						this.config.parsers = buildParserCache(this,$headers);
						
						// rebuild the cache map
						cache = buildCache(this);
						
					}).bind("sorton",function(e,list) {
						
						$(this).trigger("sortStart");
						
						config.sortList = list;
						
						// update and store the sortlist
						var sortList = config.sortList;
						
						// update header count index
						updateHeaderSortCount(this,sortList);
						
						//set css for headers
						setHeadersCss(this,$headers,sortList,sortCSS);
						
						
						// sort the table and append it to the dom
						appendToTable(this,multisort(this,sortList,cache));

					}).bind("appendCache",function() {
						
						appendToTable(this,cache);
					
					}).bind("applyWidgetId",function(e,id) {
						
						getWidgetById(id).format(this);
						
					}).bind("applyWidgets",function() {
						// apply widgets
						applyWidget(this);
					});
					
					if($.metadata && ($(this).metadata() && $(this).metadata().sortlist)) {
						config.sortList = $(this).metadata().sortlist;
					}
					// if user has supplied a sort list to constructor.
					if(config.sortList.length > 0) {
						$this.trigger("sorton",[config.sortList]);	
					}
					
					// apply widgets
					applyWidget(this);
				});
			};
			
			this.addParser = function(parser) {
				var l = parsers.length, a = true;
				for(var i=0; i < l; i++) {
					if(parsers[i].id.toLowerCase() == parser.id.toLowerCase()) {
						a = false;
					}
				}
				if(a) { parsers.push(parser); };
			};
			
			this.addWidget = function(widget) {
				widgets.push(widget);
			};
			
			this.formatFloat = function(s) {
				var i = parseFloat(s);
				return (isNaN(i)) ? 0 : i;
			};
			this.formatInt = function(s) {
				var i = parseInt(s);
				return (isNaN(i)) ? 0 : i;
			};
			
			this.isDigit = function(s,config) {
				var DECIMAL = '\\' + config.decimal;
				var exp = '/(^[+]?0(' + DECIMAL +'0+)?$)|(^([-+]?[1-9][0-9]*)$)|(^([-+]?((0?|[1-9][0-9]*)' + DECIMAL +'(0*[1-9][0-9]*)))$)|(^[-+]?[1-9]+[0-9]*' + DECIMAL +'0+$)/';
				return RegExp(exp).test($.trim(s));
			};
			
			this.clearTableBody = function(table) {
				if($.browser.msie) {
					function empty() {
						while ( this.firstChild ) this.removeChild( this.firstChild );
					}
					empty.apply(table.tBodies[0]);
				} else {
					table.tBodies[0].innerHTML = "";
				}
			};
		}
	});
	
	// extend plugin scope
	$.fn.extend({
        tablesorter: $.tablesorter.construct
	});
	
	var ts = $.tablesorter;
	
	// add default parsers
	ts.addParser({
		id: "text",
		is: function(s) {
			return true;
		},
		format: function(s) {
			return $.trim(s.toLowerCase());
		},
		type: "text"
	});
	
	ts.addParser({
		id: "digit",
		is: function(s,table) {
			var c = table.config;
			return $.tablesorter.isDigit(s,c);
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s);
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "currency",
		is: function(s) {
			return /^[Â£$â�¬?.]/.test(s);
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s.replace(new RegExp(/[^0-9.]/g),""));
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "ipAddress",
		is: function(s) {
			return /^\d{2,3}[\.]\d{2,3}[\.]\d{2,3}[\.]\d{2,3}$/.test(s);
		},
		format: function(s) {
			var a = s.split("."), r = "", l = a.length;
			for(var i = 0; i < l; i++) {
				var item = a[i];
			   	if(item.length == 2) {
					r += "0" + item;
			   	} else {
					r += item;
			   	}
			}
			return $.tablesorter.formatFloat(r);
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "url",
		is: function(s) {
			return /^(https?|ftp|file):\/\/$/.test(s);
		},
		format: function(s) {
			return jQuery.trim(s.replace(new RegExp(/(https?|ftp|file):\/\//),''));
		},
		type: "text"
	});
	
	ts.addParser({
		id: "isoDate",
		is: function(s) {
			return /^\d{4}[\/-]\d{1,2}[\/-]\d{1,2}$/.test(s);
		},
		format: function(s) {
			return $.tablesorter.formatFloat((s != "") ? new Date(s.replace(new RegExp(/-/g),"/")).getTime() : "0");
		},
		type: "numeric"
	});
		
	ts.addParser({
		id: "percent",
		is: function(s) { 
			return /\%$/.test($.trim(s));
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s.replace(new RegExp(/%/g),""));
		},
		type: "numeric"
	});

	ts.addParser({
		id: "usLongDate",
		is: function(s) {
			return s.match(new RegExp(/^[A-Za-z]{3,10}\.? [0-9]{1,2}, ([0-9]{4}|'?[0-9]{2}) (([0-2]?[0-9]:[0-5][0-9])|([0-1]?[0-9]:[0-5][0-9]\s(AM|PM)))$/));
		},
		format: function(s) {
			return $.tablesorter.formatFloat(new Date(s).getTime());
		},
		type: "numeric"
	});

	ts.addParser({
		id: "shortDate",
		is: function(s) {
			return /\d{1,2}[\/\-]\d{1,2}[\/\-]\d{2,4}/.test(s);
		},
		format: function(s,table) {
			var c = table.config;
			s = s.replace(/\-/g,"/");
			if(c.dateFormat == "us") {
				// reformat the string in ISO format
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{4})/, "$3/$1/$2");
			} else if(c.dateFormat == "uk") {
				//reformat the string in ISO format
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{4})/, "$3/$2/$1");
			} else if(c.dateFormat == "dd/mm/yy" || c.dateFormat == "dd-mm-yy") {
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{2})/, "$1/$2/$3");	
			}
			return $.tablesorter.formatFloat(new Date(s).getTime());
		},
		type: "numeric"
	});

	ts.addParser({
	    id: "time",
	    is: function(s) {
	        return /^(([0-2]?[0-9]:[0-5][0-9])|([0-1]?[0-9]:[0-5][0-9]\s(am|pm)))$/.test(s);
	    },
	    format: function(s) {
	        return $.tablesorter.formatFloat(new Date("2000/01/01 " + s).getTime());
	    },
	  type: "numeric"
	});
	
	
	ts.addParser({
	    id: "metadata",
	    is: function(s) {
	        return false;
	    },
	    format: function(s,table,cell) {
			var c = table.config, p = (!c.parserMetadataName) ? 'sortValue' : c.parserMetadataName;
	        return $(cell).metadata()[p];
	    },
	  type: "numeric"
	});
	
	// add default widgets
	ts.addWidget({
		id: "zebra",
		format: function(table) {
			if(table.config.debug) { var time = new Date(); }
			$("tr:visible",table.tBodies[0])
	        .filter(':even')
	        .removeClass(table.config.widgetZebra.css[1]).addClass(table.config.widgetZebra.css[0])
	        .end().filter(':odd')
	        .removeClass(table.config.widgetZebra.css[0]).addClass(table.config.widgetZebra.css[1]);
			if(table.config.debug) { $.tablesorter.benchmark("Applying Zebra widget", time); }
		}
	});	
})(jQuery);



OPS/media/s381_1_002.pdf
7 VNRAS. 2847 “576E

K]

Mon. Not. R. Astron. Soc. 284, 576-598 (1997)

Stellar proper motions in the central 0.1 pc of the Galaxy

A. Eckart and R. Genzel

Max-Planck-Institut fiir Extraterrestrische Physik, Giessenbachstrafle, D-8046, Garching bei Miinchen, Germany

Accepted 1996 September 9. Received 1996 September 6; in original form 1996 August 6

ABSTRACT

We report the first results of a programme to measure proper motions of stars in the
innermost core of the Galaxy. From high-resolution near-infrared imaging over the
last four years we have determined proper motions for 39 stars between 0.03 and 0.3
pc from the compact radio source Sgr A*. For 19 of these the derived motions are
more significant than 40 in at least one coordinate. Proper motion and radial
velocity dispersions are in very good agreement, indicating that the stellar velocity
field on average is close to isotropic. Taking radial and proper motion data together
the dynamic evidence is now strong that there is a 2.45( 4 0.4) x 10°-M, central dark
mass located within <0.015 pc of Sgr A*. Its mass density is at least 6.5 x 10° M,
pc~?, excluding the fact that the central mass concentration is in form of a compact
white dwarf or neutron star cluster. In addition, we have detected significant changes
in the structure of the innermost complex of stars in the immediate vicinity of
Sgr A*, implying in at least one case stellar motions of >1500 km s~ within ~0.01
pc of the compact radio source. Including this preliminary evidence, the inferred
density of the central dark mass would then have to be in excess of 10 M, pc~,
implying that the central mass concentration is probably a single massive black
hole.

Key words: astrometry — stars: fundamental parameters — stars: imaging — Galaxy:
centre — infrared: general.

1 INTRODUCTION

The question of whether or not galactic nuclei contain cen-
tral massive black holes is of considerable importance for
the understanding of active galactic nuclei and the evolution
of galaxies. Probably the most unambiguous way to answer
this question is from dynamical measurements (see
Kormendy & Richstone 1995 for a review). The Galactic
centre is a unique target for searching for a central massive
black hole as it is so close ( ~8 kpc, 1 arcsec=0.039 pc, used
throughout this paper, Reid 1993) and detailed measure-
ments of gas and stellar dynamics are now possible down to
a scale of about 0.01 pc. Evidence for a dark central mass
concentration at the core of the Milky Way from observa-
tions of radial velocities of gas and stars has been steadily
growing over the past two decades (Wollman 1976; Lacy et
al. 1980; Lacy, Achterman & Serabyn 1991; Serabyn & Lacy
1985; Genzel et al. 1985, 1996; McGinn et al. 1989; Sellgren
et al. 1990; Lindgvist, Habing & Winnberg 1992; Krabbe et
al. 1995; Haller et al. 1996). In a recent study of the radial
velocities of 222 stars within 1 pc of the dynamic centre,

Genzel et al. (1996) found that a central compact (core
radius <0.06 pc) dark mass of 2.2 to 3.2 x 10°M,, (for a
distance of 8.0 kpc) is required with fairly high significance
if the stellar motions are isotropic.

For determining the mass distribution from stellar
dynamics without the a priori assumption of isotropic
motions, it is necessary to determine both radial and proper
motions of the stars. In contrast to external galaxies stellar
proper motions in the Galactic centre can realistically be
measured in a few years time if relative stellar positions can
be determined to about 10 mas. To achieve this goal we
have, since 1991, been carrying out a programme of high-
resolution 2.2-pum (K band) imaging at the 3.5-m New Tech-
nology Telescope (NTT) of the FEuropean Southern
Observatory (ESO) in La Silla, Chile. Preliminary results on
the proper motions in the outer cluster (distances larger
than 0.03 pc from SgrA*) are summarized in Eckart &
Genzel (1996). Here we discuss and analyse these outer
proper motions in more detail and give the first results for
the innermost cluster (with radii less than 1 arcsec) based on
seven epochs of images spanning four years.
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2 OBSERVATIONS AND ANALYSIS
2.1 Shift-and-add imaging

Using a high-resolution camera developed specifically for
this purpose (SHARP: Hofmann et al. 1993), we have
applied speckle imaging techniques to obtain diffraction-
limited resolution. Techniques and results from the near-
infrared imaging have been discussed in several earlier
papers (Eckart et al. 1992, 1993, 1994, 1995). Briefly, for
each epoch several thousand short-exposure (integration
time 0.3 to 0.5s) frames I(x,y) of the object O(x,y) were
taken in very good seeing conditions with a short-exposure
seeing of typically 0.3 to 0.8 arcsec. Each short exposure can
be written as

106, y)=0(x,y)*P(x,y) + N(x,y), ®

with P(x,y) being the combined telescope and atmospheric
point spread function (PSF) and N(x,y) an additive noise
component. These images are then coadded with the simple
shift-and-add (SSA) algorithm (Christou 1991). The basic
assumption of the SSA algorithm is that individual speckles
can be regarded as distorted, diffraction-limited images
of the object. For the SSA procedure we use the pixel posi-
tionx,,, y,, of the brightest speckle with respect to the seeing
disc centroid of either IRS7 or IRS16NE, the two brightest
stars in the 12.8 x 12.8 arcsec’ field of our camera. One pixel
is 50 mas in SHARP resulting in three samples per diffrac-
tion beam. The resulting SSA image S(x,y) can then be
written as

SCy)=UM 3 1,(&—%,,y=Y,)- @

m=1

The resulting SSA PSF is a diffraction-limited spike
(0.15-arcsec FWHM at 2.2 um) sitting on top of a smooth
seeing background (typical Strehl ratio 0.2). Next we
cLeaned the resulting SSA image of typically a few
thousand coadded short exposure frames using the Lucy—
Richardson (Lucy 1974) algorithm. As a representation of
the ‘dirty’ PSF we used the data of the brightest source in
the image (IRS7). After a few thousand iterations of the
algorithm the resulting maps consisted of well-separated
sources (stars) concentrated in 1 to 4 pixels, depending on
their positions. In analogy to the cLEAN algorithm used in
radio astronomy we will refer to this image as the ‘6-func-
tion map’. This J-function map is then reconvolved with a
Gaussian of FWHM 0.15 arcsec. The final reconvolved
images reach K magnitudes of 15 to 16.5, and show ~ 600
stars in the central 25-arcsec (~ 1 pc) diameter field centred
on or near Sgr A* (e.g. Eckart et al. 1993, 1995). We have
also analysed several of our data sets with other speckle data
reduction techniques (recovering phase in Fourier space),
such as the Knox—Thompson method (Knox 1976) or the
triple correlation algorithm (Lohmann, Weigelt & Wir-
nitzer 1983). As shown in Eckart et al. (1992, 1994), the final
images obtained with the different techniques compare very
well, but the combination of the SSA and the Lucy—
Richardson algorithm is by far the best in obtaining a high
dynamic range (>8 mag) map of a crowded set of point
sources. A key element is that for very good seeing the 3.5-m
NTT at 2.2 um produces short-exposure images with a fairly
small number (3 to 5) of bright, long-lived speckles. For the

© 1997 RAS, MNRAS 284, 576-598

Stellar proper motions in the central Galaxy 577

present study we analysed ~ 65 independent images (hence-
forth called ‘data sets’) from seven observing runs in
1992.25, 1992.65, 1993.65, 1994.27, 1995.6, 1996.25 and
1996.43.

2.2 Determination of accurate relative positions

To determine accurate relative stellar positions with our
imaging system (1/20 to 1/10 of the diffraction-limited
beam) we proceeded as follows. First, for each data set a
final PSF was constructed by averaging the five brightest
stellar images. Then relative pixel offsets from IRS16NE
were determined for each data set by cross-correlating this
PSF and the data in the central 5 x 5 pixel around the peak
of each star. While we finally found that the best method
was to use the J-function maps, different data analysis
methods starting directly from the raw SSA maps, or various
forms of cLeaned images, gave basically identical results for
isolated stars or clearly separable doubles. This is shown in
Table 1 which lists the dispersions of differences in
extracted x- and y-positions between the cross-correlation
method on the J-map and a Gaussian fitting routine operat-
ing (a) on the raw SSA, (b) on the Lucy-deconvolved and (c)
on the reconvolved Lucy-cLeaned images. For single stars
the dispersions between different data reduction methods
range between 3 and 20 mas. The worst results are naturally
for the raw SSA maps, where distant but strong sources can
affect the results through the wings of the PSF. For double
stars the dispersions between the different fitting techniques
are >8 mas (excluding SSA). These uncertainties are
smaller than or at most comparable to the final astrometric
uncertainties (see below).

In the second step all instrumental imaging parameters
up to second order are extracted for each individual data
set. Here we assumed that the pixel coordinates (x;, y;) of the
ith star can be written in terms of the corrected offset
coordinates (Ax;, Ay;) from the base position as

X, =a,+a,Ax; +a,Ay, + a;Ax} + a,Ax, Ay, +asAy?
and
yi=by+ b Ax; + b,Ay, + b Ax? + b,Ax, Ay, 4+ bsAy?. 3)

The zeroth order is the base position (a,, b,), the first order
(proportional to Ax and Ay in each coordinate) relates to
the camera rotation angle «, and the pixel scales p,, p,
(arcsec pixel™') and the second-order parameters give the
image distortions (proportional to Ax? Ay® and Ax Ay for
each coordinate). The 2 x 6 instrumental parameters (a,,
by...as, bs) were determined for each data set by compari-
son to a ‘reference frame’ constructed from the 1994.27
epoch data. The parameters were computed by solving an
overdetermined non-linear equation for N reference stars
via orthonormalization of the 12 x N matrix. From this
analysis we found that the fitted pixel scales and the very

Table 1. Comparison of stellar positions determined with different
data reduction methods.

o (10%) o (10°")
singles doubles

Data reduction technique

Gauss fit-Lucy reconvolved vs. cross-corr.-Lucy-8 3 8
Gauss fit-Lucy-3 vs. cross-corr.-Lucy-8 4 9
Gauss fit-raw SSA vs. cross-corr.-Lucy-8 19 -
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small second-order distortion parameters (approximately
1073 of the first-order parameters) differed by less than 0.5
per cent between different data sets so that the main fit
parameters were the base position of the N stars and the
camera rotation angle. After correction for the instrumental
parameters the final position fit errors ranged from 8 to 20
mas per data set for the brighter, isolated stars. These for-
mal fit errors are in fact a good representation of the experi-
mental (non-systematic) errors. This can be seen from
Fig. 1, which shows the final derived relative x- and
y-positions of 27 stars as a function of time: these coordi-
nates correspond approximately to RA and Dec., respec-
tively. Each black dot in these figure panels represents an
individual independent data set. The scatter in the dots for
a given epoch is an empirical measure of the experimental
position uncertainties. They agree quite well with the fit
errors giving confidence in our data reduction method.

2.3 Systematic errors

Our method has in principal the disadvantage that it deter-
mines the imaging parameters from the same stellar posi-
tions whose changes we are trying to measure. This leads to
systematic errors with proper motions depending on which
reference star list was chosen. In practice, however, the
solutions turned out to be very stable in terms of selection of
the N reference stars, as long as N~20 to 30 > N_,,,=6. The
method tends to slightly underestimate the true proper
motions, although we found that this effect is no larger than
the typical error bars of the proper motions we encoun-
tered. The impact of the effect of this reference star list on
the derived proper motions is shown in Fig. 2. It shows the
derived x- and y-proper motion of a randomly selected star
(IRS21) as a function of the composition of the reference
star list. Here we allowed our largest and best reference star
list (which we used for the results shown below) to randomly
vary in length and composition by up to 50 per cent. The
parameter solution was then calculated for 100 such lists.
The overwhelming majority of the proper motion solutions
lies around the value we find on the basis of the best refer-
ence stars list (arrows). Note that a quantitative estimate of
the systematic errors of the motions cannot be directly
determined from the widths of the histograms in Fig. 1, as
many of the lists leading to these histograms are clearly non-
optimal. The use of a selection of ‘sensible’ reference lists
indicates that the systematic errors in our velocity estimates
are typically +50 km s™".

Note that with the exception of the foreground stars
IRR1 and IRR2 (e.g. Rosa et al. 1992), colour terms do not
enter significantly into our astrometry. The stellar colours
are dominated by reddening which is very similar to that for
the stars in the central 1 pc. We estimate that differential
refraction leads to less than a few mas distortion of the
derived positions.

3 RESULTS
3.1 Detection of stellar proper motions in the central
~0.1 pc

In the present analysis we have determined positional
changes as a function of time for 39 stars between 0.9 and
8.8 arcsec from Sgr A*. Table 2 lists their properties: K

magnitudes, x- (~RA), y- (~Dec.) offsets from Sgr A*
(epoch 1994.27), x- (~RA), y- (~Dec.) proper motions
(along with their 1o uncertainties including the systematic
errors discussed in the last section), and (wherever avail-
able, Genzel et al. 1996) their radial velocities and their
identifications. The quality of the data we have obtained can
be seen from Figs 1 and 3. Fig. 1 shows position-time
diagrams of the derived x- and y-offsets of 27 selected bright
and isolated stars as a function of time. Fig. 3 shows the
proper motion vectors of stars in the central few arcseconds,
superposed on a 2-pum image.

The data in Figs 1 and 3 and Table 2 show that the relative
positions of many of the stars in the central ~0.1 pc appear
to change monotonically with time. Of the 39 stars listed in
Table 2 motions at the >50 level are detected in at least one
coordinate for 10 cases and at the >4o level for 19 cases.
The 39 stars in Table 2 were drawn from an original list of
about 50 stars with K-band magnitudes brighter than about
13.5. This magnitude limit ensured that we were able to get
high signal-to-noise ratio detections for each data set.
About 12 stars were eliminated from the list because they
were either located in a confused region (in particular the
IRS13 region, see Eckart et al. 1993, 1995), or because we
had coverage of fewer than seven epochs (affecting about
six fairly bright stars in the outer parts of the field), or
because they did not produce repeatable positions in all
seven epochs with proper motion velocity errors <100
km s~

The motions we have detected cannot be due to orbital
motion in multiple star systems that are not resolved at 0.15
arcsec resolution. If one takes the average space velocity of
the He 1 stars (~400 km s™") in Table 2 as an orbital velocity
and assumes further that a typical star has a mass of 60 M
(Krabbe et al. 1995) the orbital period of a binary would be
about one week, with an orbital radius ~50 R, comparable
to the actual photospheric diameters of the Her stars
(Krabbe et al. 1995). If this were truly the case there should
be large variations of the relative positions within the typi-
cally 10d of a given epoch but no positional changes on a
scale of several years. Turning the argument around orbital
periods of three or more years at the observed velocities
would require unrealistic stellar masses approaching
10* M,,. Variability in two or more stars that are very close
in projection may also lead to apparent proper motion. A
number of stars indeed appear to show flux variations in our
data sets and we thus cannot exclude with absolute certainty
that variability may not corrupt the derived motions of a few
of the stars in the sample. However, as we have considered
only relatively bright isolated stars with seven-epoch cov-
erage and have discarded stars with >100 km s~ errors
(sometimes showing suspicious jumps in their position—
time data), we are confident that variability or other ‘Christ-
mas tree effects’ cannot cause the motions we see. In
addition, lunar occultation measurements (Simon et al.
1990; Simons, Hodapp & Becklin 1990) have proven that
the brightest members of the IRS16 complex (with the best
proper motion data) are very likely single stars.

We thus conclude that we have detected orbital proper
motions of the stars in the central gravitational field. An
immediate important result is that the velocity dispersion is
very similar in all three coordinates and hence that global
anisotropy of the stellar motions must be small. This can be
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Figure 2. Histogram of the derived x-(~RA) (dotted) and y-(~Dec.) motion (dashed) for IRS21. For each solution the length and
composition of the reference star list has been changed. The base reference stars list used for the final solutions (Table 2) was allowed to
randomly vary by up to 50 per cent in composition and length. Proper motions were then computed for 100 such lists for the four settings
used to map the centre, and the results compared to those of the base list (arrows).

best seen from Fig. 4, where we have plotted proper motion
and radial velocity dispersions (from Rieke & Rieke 1988,
McGinn et al. 1989, Sellgren et al. 1990, Lindqvist et al.
1992, Genzel et al. 1996, Haller et al. 1996) as a function of
projected radius p from SgrA*. For estimation of the
proper motion dispersions (combining x- and y-motions for
better statistics), we have divided our sample in Table 2 into
three groups. 12 stars (24 motions) between p=0.8 and 2.1
arcsec result in a projected velocity dispersion of 214 + 32
km s~ at {p)»=0.057 pc. 18 stars (36 motions) between 2.1
and 4.1 arcsec give a dispersion of 152+18 km s™' at
{p»=0.11 pc. Nine stars (18 motions) between 4.1 and 8.8
arcsec result in a dispersion of 93+ 16 kms™' at (p > =0.24
pc. For the radial velocity dispersion of the early-type stars,
a 120 km s~ counter-rotation (which is a very significant
global effect for the sample) was first subtracted from the
velocities and then statistically re-introduced as an effective
radial velocity dispersion (¢2;= o> + v% /3, see Genzel et al.
1996). The fact that the innermost radial velocity dispersion
of the late-type stars at 0.11 pc (6,=126+23 km s7') is
lower than either the radial velocity dispersion of the early-
type stars or the proper motion dispersion at that radius is
very likely due to the central ‘hole’ in the distribution of
late-type stars (Sellgren et al. 1990; Haller et al. 1996;
Genzel et al. 1996). Most of the late-type stars seen pro-
jected towards the central few arcseconds are actually at
much larger radius so that the projected velocity dispersion
appears low; after correction for this effect the dispersion
would be about 150 km s, in agreement with the other two
data points. Table 2 shows that the three space velocities are

also comparable if we consider only those stars for which all
three velocities are available. While these conclusions were
obtained by adopting an 8.0-kpc distance to the Galactic
Centre, they are unchanged if the range of possible Galactic
Centre distances (7.5 to 8.5 kpc: Reid 1993) is used. Taken
together the measurements for p >0.057 pc now show a very
significant Keplerian [o (p) ~p ~*°] fall-off of the stellar velo-
cities with distance from the dynamic centre (assumed to be at
Sgr A*), demonstrating fairly convincingly that there must be a
central, compact and dark (cf. Genzel et al. 1996) mass con-
centration. It is interesting to note that the late-type stars in
Table 2 projected within a few arcseconds of Sgr A* have
consistently smaller proper motions (and raial velocities,
see above) than the early-type stars (‘Her’) in the same
area. This is consistent with the above-mentioned fact
(Sellgren et al. 1990; Haller et al. 1996; Genzel et al. 1996)
than the distribution of brighter late-type stars has a central
hole (equivalent to a large effective core radius). Hence for
a given projected radius from the dynamic centre a late-type
star will on average be at larger true radius than an early-
type star. The smaller proper motions of the late-type stars
just discussed thus are an independent confirmation of the
drop of stellar velocities with radius.

3.2 Constraints on the mass, location and size of the
central dark mass

We now discuss the quantitative constraints that the new
data on the mass distribution provide. Fitting to the pro-
jected velocity dispersion data in Fig. 4 a model with a
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Table 2. Derived stellar velocities.

Source K- ARA ADec psgra VRa
mag () () () (kmfs)
125 055 07 0.89 -450+80
135 -0.94 023 097 -330+80
16 NW 10 0.00 1.06 1.06 280450
IRS16C 95 119 025 122 -270+50
13 -145 -039 150 -60+£70
13 040 147 152 380480
16SW 95 095 -120 153  360+70
13 175 -06 1.85 0480
1 0.63 -1.78 1.89 110450
13 -1.05 -1.62 193  -90+50
16CC 105 204 030 206 50150
298 115 -1.88 085 206 15450
115 196 -085 2.14 -10+60
29N 10 -165 1.36 214 190160
12 -091 199 219 -310+50
16 SE(1) 11 176 -1.40 225 290460
105 -0.17 -2.37 238 50440
135 2.34 -054 240  -40+70
105 1.15 -211 240  380%70
13 -1.05 -230 253 -230+50
13 -1.85 -1.78 257 120190
12 114 265 288 -130+50
125 1.24 262 290 170+70
13 -1.86 -237 3.01 -90+60
16 NE 9 290 090 3.04 250+90
16 SE(2) 115 2.90 -1.49 326 125440
33E 10 050 -3.38 342 210460
135 -1.80 -2.95 3.46 80480
33W 11 -050 -3.43 3.47 60460
21 10 236 -3.05 3.86 -140+50
34 W 105 -4.08 1.62 4.39 -80+50
3 115 231 379 4.44  170+40
135 -3.70 288 4.69 -60+100
7 65 020 555 555 0460
7W 13 391 500 6.35 70460
125 -8.30 460 7.80 20+60
125 -710 375 8.03 -70+£70
BHA4E 115 -570 5.67 8.04 60160
BHA4W 115 -645 6.02 882 -270+80
SgrA*(IR)
S1 15 -0.19 -0.04 0.19 650+400
S2 14 0.01 019 0.19 -280+400
S3 15 004 -0.08 0.09 -730+600
S4 . 145 0.5 0.04 012 980+400
S5 145 021 004 0.21 1100+£700
S6 14 036 -0.04 0.36 370+400
s7 15 051 -019 054  50+400
S8 14 019 -026 0.32 860+400
S9 15 011 -0.39 0.41 -330+700
S10 145 0.06 -056 0.56 -940+600
S11 14 001 -0.64 0.64 790+400

central point-mass plus an extended isothermal cluster of
dispersion at large radii of ~50km s™' (providing an excel-
lent fit to stellar mass data at projected radii p greater than
a few pc: see Genzel et al. 1996 for details), we find that a
central mass of 2.4 x 10°M,, is required with high signifi-
cance. The 1o statistical uncertainty of this estimate is
+0.35 x 10° M,,, with an additional systematic error result-
ing in a total uncertainty of +0.4 to 0.5 x 10°M,,. Pro-
ceeding as in Genzel et al. (1996) we have also calculated
enclosed masses from the virial theorem and Bahcall-Trem-
aine (1981) projected mass estimators. These are defined as
(Bahcall & Tremaine 1981)

M,=(31/2G) Y [weight (i) v}] / Y [weight (i)/p]] 4)

© 1997 RAS, MNRAS 284, 576-598
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VDec Vrad Ivied  Stellar
(km/s) (km/s) (km/s) type
210480 >500
-420+80 >530
70150 -35+70 290 Hel
300140 150+£70 430 Hel
-150160 2160
40+70 >380
70£70 40070 540 Hel
-20+£50 220
-260+50  -209+30 350 late type

0£50 100+25 130 late type
250130 >250 Hel?
210150 -93+20 230 late type
-20+40 -140+30 140 late type
-20+30  -110£150 220 Hel

0+50 -20£100 310 Hel
90450 450+150 540 Hel
-150150 >160
240160 >240
-80+60 =390
-70£70 240
-70+£50 >140
-140+30 20+30 190 late type
60+40 -100£30 210 late type
70+40 2110
-500+90 10+70 560 Hel
-20+40 2130 Hel
-60+£30 6070 230 Hel
110+60 140
30435 80+25 104 late type
5040 >150 embedded
-130+40  -230+70 280 Hel
110140 >200 embedded
-200+60 >210
-150+60 -130+#20 200 late type
-100+#60 -360+80 380 Hel
-40160 245
-120160 >140
70+30 -80+30 120 late type
170440 100430 330 late type
-1530+400
-710+400
2801600
3601450
1240+700
-1401450
-30+400
-310+500
-1200+700
-10401600
-990+400
and

Miy={16/nG Y [weight ()]} Y [weight (i)p,v2]. )

Here p,~ (2/m) R, is the projected radius of star i (radius R,)
which has weight ‘weight (i)’ and velocity v,. The virial theo-
rem implicitly assumes a homogeneous distribution of stars
and equation (5) assumes that stars are in isotropic orbits
dominated by a central mass. Application of these estima-
tors to the three groups of proper motions defined above
gives a mass of 2.55 +0.75 x 10° M, within {p »=0.057 pc
of the dynamic centre (24 velocities with a projected velocity
dispersion of 214 + 32 km s™"), 2.65 + 0.6 x 10° M, within a
projected radius of p=0.11 pc (36 velocities with a pro-
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Figure 4. Projected stellar velocity dispersions as a function of
projected distance from Sgr A*. Filled circles (and 1o statistical
error bars) represent the dispersions (corrected for measurement
bias, see Genzel et al. 1996) derived from the present proper
motion data for 39 stars between 0.035 and 0.34 pc (RA and Dec.
motions combined and separated into three independent groups of
between nine and 18 stars each). The open circle denotes our
preliminary estimate of the proper motion velocity dispersion
obtained from the 11 components (22 motions) of the Sgr A* (IR)
cluster, corrected for measurement bias. Open rectangles repre-
sent radial velocity dispersion data, taken from Rieke & Rieke
(1988), McGinn et al. (1989), Sellgren et al. (1990), Lindgvist et al.
(1992), Haller et al. (1996) and Genzel et al. (1996). The solid
curve is the best fit of the stellar dynamics with an isotropic velocity
field in the potential of a point mass (2.45 x 10°M,,) plus an iso-
thermal cluster with one-dimensional dispersion at infinity of 50
km s~". This dispersion (which is added in squares to the dispersion
caused by the central dark mass) accounts for the background mass
of the (visible) stellar cluster (Genzel et al. 1996). The dotted
curves represent the + 1o total uncertainties (40.4 x 10° M),
consisting of the fit uncertainties ( +-0.24 x 10° M) and systematic
errors.

jected velocity dispersion of 152+18 km s~') and
2.12 4 0.7 x 10° M, within a projected radius of p=0.24 pc
(18 velocities with a projected velocity dispersion of 93 + 16
km s™'). Virial and Bahcall-Tremaine estimators give
essentially the same values.

A better way of deriving the mass distribution M (R)
enclosed within R without having to assume a dominating
central mass and an isotropic velocity field — as required
when using the Bahcall-Tremaine and virial theorem esti-
mators — is the first-order moment of the collisionless Boltz-
mann equation (the ‘Jeans’ equation). This equation can be
applied for an ensemble of stars with spherically symmetric
space density distribution z (R) in a gravitational potential
®(R) (Binney & Tremaine 1987, chapter 4):

®(R)=GM (R)/R=0,,(R)’ + 0,(R)’ ®

x {—dIn[r(R)})/d In R—d In[c,(R)?)/d In R — 25}
This equation includes the anisotropy parameter
6=1-0,(R)*/o.(R)* for the azimuthal and radial velocity
distributions. For an isotropic velocity dispersion 6=0. To
apply the Jeans equation to the data it is necessary to trans-

form from intrinsic dispersions ¢ (R) and volume densities
n(R) to projected dispersions ¢ (p) and surface densities
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Figure 5. Mass modelling of the stellar proper and radial motions
(for a Sun—Galactic Centre distance of 8.0 kpc). The thick curve
(with 1o error bars) gives the enclosed mass as a function of dis-
tance from Sgr A* derived from the Jeans equation mass modelling
of the stellar radial velocities, assuming anisotropy é =0 (Genzel et
al. 1996 and references therein). Filled circles and 1o error bars
denote the masses estimated from independent Jeans’ modelling of
the proper motions for 39 stars (78 motions) between 0.9 and 8.8
arcsec, again for 6 =0. The open circle (and combined statistical
and systematic error bar) denotes our preliminary mass estimate
from the motions in the Sgr A* (IR) cluster. The thick dashed
curve represents the mass model of the stellar cluster observed in
the  near-infrared [M/L(2 pm)=2, R..=038 pc,
p(R=0)=4 x 10° M, pc™>). The thin continuous curve is the sum
of the visible stellar cluster plus a central 2.45 x 10° M, point mass.
The thin dash—dotted curve is the sum of the visible cluster plus a
dark cluster of core radius 0.035 pc and central density
6.5 x 10°M,, pc™>. For R 0.035 pc the dark cluster density is
proportional to R ~**. The dotted curve is the sum of the visible
cluster and a dark cluster of core radius 0.0062 pc and central
density 10" M, pc™.

X (p) via Abel integral equations, or vice versa. We decided
to start with parametrized models for the intrinsic quantities
and then fit the observed quantities after numerically inte-
grating the Abel integral equations. This method is prefer-
able to the reverse procedure, which is very sensitive to
individual data points and their errors (Kormendy & Rich-
stone 1995). A detailed description of this procedure is
given in Genzel et al. (1996, see also Saha, Bicknell &
McGregor 1996). In the following, the way in which we treat
the issue of anisotropy is to regard the radial and proper
motion data as two independent data sets, apply equation
(6) with 6=0 to either one, and see how well the results
agree. In Fig. 5 the Jeans equation mass model derived from
the radial velocity data is the thick continuous curve (plus
1o error bars, taken from fig. 12b of Genzel et al. 1996). The
filled circles (with 1o error bars) mark the Jeans equation
mass model for the new proper motion data (again for
¢6=0), using the source number counts for m (K)<13.5 of
Eckart et al. (1995) as the basis for deriving » (R) and the
three projected velocity dispersions given above to derive
o (R). Again, radial and proper motion Jeans mass models
are in excellent agreement, implying that the anisotropy is
very close to zero. Assuming now § =0, the combined radial
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and proper motion data at projected radii of p >0.057 pc is
clearly very well fitted by a combination of a dark point-
mass plus the extended cluster of stars radiating in the near-
infrared. The thin curve in Fig. 5 is a combination of a
2.45 x 10° M, point-mass plus the visible (isothermal) stel-
lar cluster of core radius 0.38 pc and core stellar density of
4 x 10° M, pc™?, representing the stellar cluster radiating in
the near-infrared with an M/L (2 um) ratio of about 2 (Gen-
zel et al. 1996). The statistical significance for the dark
central mass is somewhere between 10 and 60, depending
on whether just the statistical, or the combined statistical
and systematic, error bars are considered.

The dash—dotted curve in Fig. 5 is the combination of the
same visible stellar cluster with a second, dark cluster of
non-zero core radius. To fit the data, the central dark cluster
must have a central density of at least 6.5 x 10° M, pc > and
a core radius of less than 0.035 pc. Note that to fit the flat
observed mass distribution in the range between 0.1 and 1
pc its density must scale as R ~*°.

Where is the dark mass concentration centred? While
eventually a detailed analysis based on orbit fitting for all
stars with three space velocities should give the most accu-
rate result, a simple analysis can already be obtained now

from the directions for ~15 best proper motion vectors
within ~3 arcsec of Sgr A*. Assuming that all stars are on
circular orbits about the dynamic centre, the location of that
centre should lie on a line perpendicular to the direction of
proper motion. For the stars within ~3 arcsec of Sgr A*
there is a reasonably well-defined crossing point of these
lines located 0.015 +0.02 pc east of Sgr A* (Menten et al.
1996).

3.3 The Sgr A* (IR) cluster

The proper motion data thus strongly suggest that the dark
mass concentration is located very close to or on the com-
pact radio source Sgr A*. Its location relative to the near-
infrared stellar distribution [a cross in Fig. 2 and (0, 0) in
Fig. 6] has recently been determined by Menten et al. (1996)
to be +30 mas. Sgr A* lies approximately at the centre of a
‘hammer’-shaped concentration of fainter stars [Sgr A*
(IR): Eckart et al. 1995]. Eckart et al. (1995) have con-
cluded that the Sgr A* (IR) cluster may in fact be a local
concentration of either late-type giants of late-O/early-B
stars in the immediate vicinity of Sgr A*, on a scale of 0.01
pc. Therefore, if the central dark mass is physically associ-

r
+1"1 +1"1
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0" 0"
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)
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Figure 6. 2.2-um Lucy-cLEaned maps (FWHM 0.15 arcsec) of the central Sgr A* (IR) cluster, taken in 1994, 1995 and 1996, and referred
to the radio position of Sgr A* at (0,0) (Menten et al. 1996). The bright star in the north is IRS 16 NW.
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ated with Sgr A* these faint stars may be the ultimate test
particles for pinpointing the centroid and better determin-
ing the density of the dark mass. Fig. 6 shows a series of the
four best images of Sgr A* (IR) we were able to obtain
between 1994 and 1996. Unfortunately, the data quality
prior to 1994 was not as good, partly as a result of a poorer
sensitivity of the camera and partly because of worse seeing.
The data set in 1995 is also not as good as the 1994 and the
two 1996 data sets. However, in all four images the Sgr A*
(IR) cluster is reasonably well resolved into about 12 com-
ponents. A visual inspection of the four images shows that
the two images in 1996 are very similar while there are fairly
obvious structural changes between 1994 and 1996. These
are especially striking in the region of the S1, S2 and S3
components and in the region of the S8-S11 components
(see Fig. 10 for the nomenclature of these components).
The morphology of the 1995 epoch map ranges somewhere
between those of the 1994 and 1996 data. This suggests that
there are secular changes of the source structure which
again may be indicative of stellar proper motions.

The Sgr A* (IR) complex is faint and crowded (the indivi-
dual components have K magnitudes between 14 and 15)
and it is therefore crucial to ascertain that the structural
changes are intrinsic to the source, and not caused by the
fairly complex data reduction. For this purpose we display in

1994.2°7

B\ 6

. On _1n

_17) 4=
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Fig. 7 two independent maps for each of the four epochs.
Fig. 8 shows raw SSA maps, as well as high-pass-filtered
SSA maps (‘smooth-subtracted” SSA maps). Finally, we
show for comparison in Fig. 9 raw and smooth-subtracted
SSA maps of a region with similar brightness stars ~1.5
arcsec west of Sgr A*. Note that none of the raw maps in
Figs 7 to 9 are astrometric, so that a very slight stretch/
compression and, in particular, an overall rotation is
allowed for best comparison between different data sets.
From Figs 6 to 9 we conclude the following.

(i) The derived Sgr A* (IR) source structure is quite reli-
able. It is definitely not seriously affected by the data reduc-
tion techniques. Maps within a given epoch and the two
1996 epoch maps are very similar. The basic components/
structure of the source is fully recognizable even in the raw
SSA maps (although less so for the 1995 data sets). Smooth-
subtracted SSA maps and Lucy-cLeaned maps compare
well. The sources S1-S11 are detected with quite good sig-
nal-to-noise ratio (10 to 50:1). The faintness of the Sgr A*
(IR) region is to some degree compensated for by the fact
that it was observed in all data sets, near the centre of the
frames.

(ii) There are fairly obvious source structure changes that
consistently continue from the earliest through to the last

1995.60

On Jd

T -y

Y

174

0 4

o &

_1»
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Figure 7. Comparison of two independent Lucy-cLeaned maps of Sgr A* (IR), for each of the four epochs. The angular resolution is 0.18
arcsec FWHM. The combination of higher resolution maps in each epoch results in the images displayed in Fig. 6.
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Figure 7 — continued

period. As mentioned above, the most obvious changes are
in the triangle S1-S2-S3 and in the chain S8-S11. In addi-
tion, there appear to be changes that probably have to be
ascribed to variability. For instance, S3, S5 and S9 seem to
be becoming weaker with time.

(iii) In the comparison field 1.5 arcsec west of Sgr A* (IR)
no such secular changes are seen. Using the same data sets
and reduction techniques as for SgrA* (IR), proper
motions in that field are less than about 500 km s~

We thus conclude that we have probably detected orbital
proper motions in the Sgr A* (IR) cluster as well (see Section
3.4 for a brief discussion of gravitational lensing). Fig. 10 is
a first attempt at constructing position—time diagrams and
proper motion vector maps for the components of the
Sgr A* (IR) cluster. The inferred proper motions are added
in the last 11 rows of Table 2. Several of the stars in Sgr A*
(IR) appear to move with total proper motions of 1000 to
1600 km s~'. Probably the most convincing case is S1 (rela-
tive to S2/S3), which is within 0.2 arcsec (0.008 pc) of Sgr
A*. S1 appears to move with 1600 + 400 km s~ with respect
to the overall base position and with 19504+ 500 km s™*
relative to the centroid of S1/S2. While the individual
motions are still poorly determined ( <4q, Table 2), one
still has to worry about the influence of variability and the
data clearly need to be improved: the derived velocity dis-

persion (560 +90 km s™' at p=0.01 pc, corrected for
measurement bias) already appears statistically significant.
Of course there is a significant systemic error, in addition to
the statistical error of + 90 km s™". This systematic error has
to do with the source decomposition, data reduction and
variability, so that the overall error is probably twice as large
as the statistical error. We therefore regard the evidence for
a very large velocity dispersion in Sgr A* (IR) at this point
still as preliminary. Nevertheless the value derived above in
fact fits very well on the extrapolations of the models shown
in Figs 4 and 5. Inclusion of this innermost point in the
fitting gives a best-fitting value for the central mass of
2.45{+0.25 statistical}, { +£0.4 total} x 10°M. If con-
firmed, this large velocity dispersion shows that the dark
mass is concentrated and centred within <0.009 pc of
Sgr A*. Mass modelling with a dark cluster shows that its
density then would have to be >10"”M_ pc™ and its core
radius <0.0062 pc (dotted in Fig. 5).

3.3 Effects of gravitational lensing

Can the structural changes of the Sgr A* (IR) cluster be
caused by gravitational lensing? Let us assume that there is
a central massive object of M,;=M/2.5 x 10°M,, sur-
rounded by a dense cluster of stars. The surface density of
the Sgr A* (IR) cluster (~8.5 source arcsec™) is 2.8 +1
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Figure 8 — continued
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1.57 west of the Galactic Center
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Figure 10. Derived positions as a function of time (epochs 1994.27, 1995.6, 1996.25, 1996.43) for the S1-S11 components of Sgr A* (IR),
along with best-fitting proper motions shown as straight lines (Table 2). The central panel shows the proper motion vectors on a schematic

map of the Sgr A* (IR) region.

times larger than the peak density elsewhere within the core
radius (~0.1 to 0.2 pc) of the stellar distribution down to
K~15 (Eckart et al. 1995). This strongly suggests that the
Sgr A* (IR) stars have to be within R <0.2 pc of the compact
radio source. The Einstein ring angle of a star at radius R
from the central mass then is (e.g. Wardle & Yusef-Zadeh
1992)

© 1997 RAS, MNRAS 284, 576-598

0:=2{GMR/[(R+ R )R]}**/c=8M3iR};  (mas). (7)

R, =8 kpc is the Sun—Galactic Centre distance. Substantial
magnification occurs only within true angular separations
from the central mass of y < 6. The size of the Sgr A* (IR)
cluster is about 70 times larger than that and the changes in
positions of the faintest moving stars (1 to 1.6 x 10> kms™")
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over the last years correspond to 50 to 90 mas. Moreover the
time-scale for significant lensing At, is approximately given
by

At <O:R/v,. ®

Since the proper motion velocities in the core v, are
typically of a few hundred km s™', these gravitational lens
effects will last about a year for low magnification and much
less for high magnification. The Sgr A* (IR) cluster has,
however, had about the same appearance for the last two
and probably for the last four years.

We thus conclude that it is highly unlikely that the struc-
tural changes we have seen in the Sgr A* (IR) cluster are
caused by gravitational lensing. This conclusion is consistent
with the considerations of Wardle & Yusef-Zadeh (1992)
who also find that gravitational lens effects cannot be
detected using the present methods.

4 CONCLUSIONS

The Galactic Centre and the ‘megamaser’ galaxy NGC 4258
(Greenhill et al. 1995; Myoshi et al. 1995) are now known to
contain dark central mass concentration with densities sig-
nificantly exceeding 10° M, pc™>. What is the nature of this
dark mass? Given that the dark mass in the Galactic Centre
is now constrained to be at least 10 times more concentrated
and therefore 1000 times denser than the visible stellar
cluster, we can now exclude with some confidence the possi-
bility that it consists of a cluster of solar mass remnants
(neutron stars or white dwarfs: see the detailed discussion in
Genzel et al. 1996). Considering the stellar dynamics out-
side R~0.05 pc, the remaining possibilities are a core-col-
lapsed cluster of 10-20 M, stellar black holes (Morris 1993;
Lee 1995), or a single massive black hole, or a combination
thereof. If the Sgr A* (IR) cluster evidence were to be
confirmed the only remaining viable configuration is a
single, compact, massive object. The main reason is that in
the models of Lee (1995) the half-mass radius even for a
core-collapsed cluster of 10-20 M, stellar black holes is
much greater than the core radius implied by the innermost
point in Fig. 5. Current theory tells us that this compact
massive object must be a massive black hole.
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OPS/js/jquery-latest.js
/*!
 * jQuery JavaScript Library v1.4.2
 * http://jquery.com/
 *
 * Copyright 2010, John Resig
 * Dual licensed under the MIT or GPL Version 2 licenses.
 * http://jquery.org/license
 *
 * Includes Sizzle.js
 * http://sizzlejs.com/
 * Copyright 2010, The Dojo Foundation
 * Released under the MIT, BSD, and GPL Licenses.
 *
 * Date: Sat Feb 13 22:33:48 2010 -0500
 */
(function( window, undefined ) {

// Define a local copy of jQuery
var jQuery = function( selector, context ) {
		// The jQuery object is actually just the init constructor 'enhanced'
		return new jQuery.fn.init( selector, context );
	},

	// Map over jQuery in case of overwrite
	_jQuery = window.jQuery,

	// Map over the $ in case of overwrite
	_$ = window.$,

	// Use the correct document accordingly with window argument (sandbox)
	document = window.document,

	// A central reference to the root jQuery(document)
	rootjQuery,

	// A simple way to check for HTML strings or ID strings
	// (both of which we optimize for)
	quickExpr = /^[^<]*(<[\w\W]+>)[^>]*$|^#([\w-]+)$/,

	// Is it a simple selector
	isSimple = /^.[^:#\[\.,]*$/,

	// Check if a string has a non-whitespace character in it
	rnotwhite = /\S/,

	// Used for trimming whitespace
	rtrim = /^(\s|\u00A0)+|(\s|\u00A0)+$/g,

	// Match a standalone tag
	rsingleTag = /^<(\w+)\s*\/?>(?:<\/\1>)?$/,

	// Keep a UserAgent string for use with jQuery.browser
	userAgent = navigator.userAgent,

	// For matching the engine and version of the browser
	browserMatch,
	
	// Has the ready events already been bound?
	readyBound = false,
	
	// The functions to execute on DOM ready
	readyList = [],

	// The ready event handler
	DOMContentLoaded,

	// Save a reference to some core methods
	toString = Object.prototype.toString,
	hasOwnProperty = Object.prototype.hasOwnProperty,
	push = Array.prototype.push,
	slice = Array.prototype.slice,
	indexOf = Array.prototype.indexOf;

jQuery.fn = jQuery.prototype = {
	init: function( selector, context ) {
		var match, elem, ret, doc;

		// Handle $(""), $(null), or $(undefined)
		if ( !selector ) {
			return this;
		}

		// Handle $(DOMElement)
		if ( selector.nodeType ) {
			this.context = this[0] = selector;
			this.length = 1;
			return this;
		}
		
		// The body element only exists once, optimize finding it
		if ( selector === "body" && !context ) {
			this.context = document;
			this[0] = document.body;
			this.selector = "body";
			this.length = 1;
			return this;
		}

		// Handle HTML strings
		if ( typeof selector === "string" ) {
			// Are we dealing with HTML string or an ID?
			match = quickExpr.exec( selector );

			// Verify a match, and that no context was specified for #id
			if ( match && (match[1] || !context) ) {

				// HANDLE: $(html) -> $(array)
				if ( match[1] ) {
					doc = (context ? context.ownerDocument || context : document);

					// If a single string is passed in and it's a single tag
					// just do a createElement and skip the rest
					ret = rsingleTag.exec( selector );

					if ( ret ) {
						if ( jQuery.isPlainObject( context ) ) {
							selector = [ document.createElement( ret[1] ) ];
							jQuery.fn.attr.call( selector, context, true );

						} else {
							selector = [ doc.createElement( ret[1] ) ];
						}

					} else {
						ret = buildFragment( [ match[1] ], [ doc ] );
						selector = (ret.cacheable ? ret.fragment.cloneNode(true) : ret.fragment).childNodes;
					}
					
					return jQuery.merge( this, selector );
					
				// HANDLE: $("#id")
				} else {
					elem = document.getElementById( match[2] );

					if ( elem ) {
						// Handle the case where IE and Opera return items
						// by name instead of ID
						if ( elem.id !== match[2] ) {
							return rootjQuery.find( selector );
						}

						// Otherwise, we inject the element directly into the jQuery object
						this.length = 1;
						this[0] = elem;
					}

					this.context = document;
					this.selector = selector;
					return this;
				}

			// HANDLE: $("TAG")
			} else if ( !context && /^\w+$/.test( selector ) ) {
				this.selector = selector;
				this.context = document;
				selector = document.getElementsByTagName( selector );
				return jQuery.merge( this, selector );

			// HANDLE: $(expr, $(...))
			} else if ( !context || context.jquery ) {
				return (context || rootjQuery).find( selector );

			// HANDLE: $(expr, context)
			// (which is just equivalent to: $(context).find(expr)
			} else {
				return jQuery( context ).find( selector );
			}

		// HANDLE: $(function)
		// Shortcut for document ready
		} else if ( jQuery.isFunction( selector ) ) {
			return rootjQuery.ready( selector );
		}

		if (selector.selector !== undefined) {
			this.selector = selector.selector;
			this.context = selector.context;
		}

		return jQuery.makeArray( selector, this );
	},

	// Start with an empty selector
	selector: "",

	// The current version of jQuery being used
	jquery: "1.4.2",

	// The default length of a jQuery object is 0
	length: 0,

	// The number of elements contained in the matched element set
	size: function() {
		return this.length;
	},

	toArray: function() {
		return slice.call( this, 0 );
	},

	// Get the Nth element in the matched element set OR
	// Get the whole matched element set as a clean array
	get: function( num ) {
		return num == null ?

			// Return a 'clean' array
			this.toArray() :

			// Return just the object
			( num < 0 ? this.slice(num)[ 0 ] : this[ num ] );
	},

	// Take an array of elements and push it onto the stack
	// (returning the new matched element set)
	pushStack: function( elems, name, selector ) {
		// Build a new jQuery matched element set
		var ret = jQuery();

		if ( jQuery.isArray( elems ) ) {
			push.apply( ret, elems );
		
		} else {
			jQuery.merge( ret, elems );
		}

		// Add the old object onto the stack (as a reference)
		ret.prevObject = this;

		ret.context = this.context;

		if ( name === "find" ) {
			ret.selector = this.selector + (this.selector ? " " : "") + selector;
		} else if ( name ) {
			ret.selector = this.selector + "." + name + "(" + selector + ")";
		}

		// Return the newly-formed element set
		return ret;
	},

	// Execute a callback for every element in the matched set.
	// (You can seed the arguments with an array of args, but this is
	// only used internally.)
	each: function( callback, args ) {
		return jQuery.each( this, callback, args );
	},
	
	ready: function( fn ) {
		// Attach the listeners
		jQuery.bindReady();

		// If the DOM is already ready
		if ( jQuery.isReady ) {
			// Execute the function immediately
			fn.call( document, jQuery );

		// Otherwise, remember the function for later
		} else if ( readyList ) {
			// Add the function to the wait list
			readyList.push( fn );
		}

		return this;
	},
	
	eq: function( i ) {
		return i === -1 ?
			this.slice( i ) :
			this.slice( i, +i + 1 );
	},

	first: function() {
		return this.eq( 0 );
	},

	last: function() {
		return this.eq( -1 );
	},

	slice: function() {
		return this.pushStack( slice.apply( this, arguments ),
			"slice", slice.call(arguments).join(",") );
	},

	map: function( callback ) {
		return this.pushStack( jQuery.map(this, function( elem, i ) {
			return callback.call( elem, i, elem );
		}));
	},
	
	end: function() {
		return this.prevObject || jQuery(null);
	},

	// For internal use only.
	// Behaves like an Array's method, not like a jQuery method.
	push: push,
	sort: [].sort,
	splice: [].splice
};

// Give the init function the jQuery prototype for later instantiation
jQuery.fn.init.prototype = jQuery.fn;

jQuery.extend = jQuery.fn.extend = function() {
	// copy reference to target object
	var target = arguments[0] || {}, i = 1, length = arguments.length, deep = false, options, name, src, copy;

	// Handle a deep copy situation
	if ( typeof target === "boolean" ) {
		deep = target;
		target = arguments[1] || {};
		// skip the boolean and the target
		i = 2;
	}

	// Handle case when target is a string or something (possible in deep copy)
	if ( typeof target !== "object" && !jQuery.isFunction(target) ) {
		target = {};
	}

	// extend jQuery itself if only one argument is passed
	if ( length === i ) {
		target = this;
		--i;
	}

	for ( ; i < length; i++ ) {
		// Only deal with non-null/undefined values
		if ( (options = arguments[ i ]) != null ) {
			// Extend the base object
			for ( name in options ) {
				src = target[ name ];
				copy = options[ name ];

				// Prevent never-ending loop
				if ( target === copy ) {
					continue;
				}

				// Recurse if we're merging object literal values or arrays
				if ( deep && copy && ( jQuery.isPlainObject(copy) || jQuery.isArray(copy) ) ) {
					var clone = src && ( jQuery.isPlainObject(src) || jQuery.isArray(src) ) ? src
						: jQuery.isArray(copy) ? [] : {};

					// Never move original objects, clone them
					target[ name ] = jQuery.extend( deep, clone, copy );

				// Don't bring in undefined values
				} else if ( copy !== undefined ) {
					target[ name ] = copy;
				}
			}
		}
	}

	// Return the modified object
	return target;
};

jQuery.extend({
	noConflict: function( deep ) {
		window.$ = _$;

		if ( deep ) {
			window.jQuery = _jQuery;
		}

		return jQuery;
	},
	
	// Is the DOM ready to be used? Set to true once it occurs.
	isReady: false,
	
	// Handle when the DOM is ready
	ready: function() {
		// Make sure that the DOM is not already loaded
		if ( !jQuery.isReady ) {
			// Make sure body exists, at least, in case IE gets a little overzealous (ticket #5443).
			if ( !document.body ) {
				return setTimeout( jQuery.ready, 13 );
			}

			// Remember that the DOM is ready
			jQuery.isReady = true;

			// If there are functions bound, to execute
			if ( readyList ) {
				// Execute all of them
				var fn, i = 0;
				while ( (fn = readyList[ i++ ]) ) {
					fn.call( document, jQuery );
				}

				// Reset the list of functions
				readyList = null;
			}

			// Trigger any bound ready events
			if ( jQuery.fn.triggerHandler ) {
				jQuery( document ).triggerHandler( "ready" );
			}
		}
	},
	
	bindReady: function() {
		if ( readyBound ) {
			return;
		}

		readyBound = true;

		// Catch cases where $(document).ready() is called after the
		// browser event has already occurred.
		if ( document.readyState === "complete" ) {
			return jQuery.ready();
		}

		// Mozilla, Opera and webkit nightlies currently support this event
		if ( document.addEventListener ) {
			// Use the handy event callback
			document.addEventListener( "DOMContentLoaded", DOMContentLoaded, false );
			
			// A fallback to window.onload, that will always work
			window.addEventListener( "load", jQuery.ready, false );

		// If IE event model is used
		} else if ( document.attachEvent ) {
			// ensure firing before onload,
			// maybe late but safe also for iframes
			document.attachEvent("onreadystatechange", DOMContentLoaded);
			
			// A fallback to window.onload, that will always work
			window.attachEvent( "onload", jQuery.ready );

			// If IE and not a frame
			// continually check to see if the document is ready
			var toplevel = false;

			try {
				toplevel = window.frameElement == null;
			} catch(e) {}

			if ( document.documentElement.doScroll && toplevel ) {
				doScrollCheck();
			}
		}
	},

	// See test/unit/core.js for details concerning isFunction.
	// Since version 1.3, DOM methods and functions like alert
	// aren't supported. They return false on IE (#2968).
	isFunction: function( obj ) {
		return toString.call(obj) === "[object Function]";
	},

	isArray: function( obj ) {
		return toString.call(obj) === "[object Array]";
	},

	isPlainObject: function( obj ) {
		// Must be an Object.
		// Because of IE, we also have to check the presence of the constructor property.
		// Make sure that DOM nodes and window objects don't pass through, as well
		if ( !obj || toString.call(obj) !== "[object Object]" || obj.nodeType || obj.setInterval ) {
			return false;
		}
		
		// Not own constructor property must be Object
		if ( obj.constructor
			&& !hasOwnProperty.call(obj, "constructor")
			&& !hasOwnProperty.call(obj.constructor.prototype, "isPrototypeOf") ) {
			return false;
		}
		
		// Own properties are enumerated firstly, so to speed up,
		// if last one is own, then all properties are own.
	
		var key;
		for ( key in obj ) {}
		
		return key === undefined || hasOwnProperty.call( obj, key );
	},

	isEmptyObject: function( obj ) {
		for ( var name in obj ) {
			return false;
		}
		return true;
	},
	
	error: function( msg ) {
		throw msg;
	},
	
	parseJSON: function( data ) {
		if ( typeof data !== "string" || !data ) {
			return null;
		}

		// Make sure leading/trailing whitespace is removed (IE can't handle it)
		data = jQuery.trim( data );
		
		// Make sure the incoming data is actual JSON
		// Logic borrowed from http://json.org/json2.js
		if ( /^[\],:{}\s]*$/.test(data.replace(/\\(?:["\\\/bfnrt]|u[0-9a-fA-F]{4})/g, "@")
			.replace(/"[^"\\\n\r]*"|true|false|null|-?\d+(?:\.\d*)?(?:[eE][+\-]?\d+)?/g, "]")
			.replace(/(?:^|:|,)(?:\s*\[)+/g, "")) ) {

			// Try to use the native JSON parser first
			return window.JSON && window.JSON.parse ?
				window.JSON.parse( data ) :
				(new Function("return " + data))();

		} else {
			jQuery.error( "Invalid JSON: " + data );
		}
	},

	noop: function() {},

	// Evalulates a script in a global context
	globalEval: function( data ) {
		if ( data && rnotwhite.test(data) ) {
			// Inspired by code by Andrea Giammarchi
			// http://webreflection.blogspot.com/2007/08/global-scope-evaluation-and-dom.html
			var head = document.getElementsByTagName("head")[0] || document.documentElement,
				script = document.createElement("script");

			script.type = "text/javascript";

			if ( jQuery.support.scriptEval ) {
				script.appendChild( document.createTextNode( data ) );
			} else {
				script.text = data;
			}

			// Use insertBefore instead of appendChild to circumvent an IE6 bug.
			// This arises when a base node is used (#2709).
			head.insertBefore( script, head.firstChild );
			head.removeChild( script );
		}
	},

	nodeName: function( elem, name ) {
		return elem.nodeName && elem.nodeName.toUpperCase() === name.toUpperCase();
	},

	// args is for internal usage only
	each: function( object, callback, args ) {
		var name, i = 0,
			length = object.length,
			isObj = length === undefined || jQuery.isFunction(object);

		if ( args ) {
			if ( isObj ) {
				for ( name in object ) {
					if ( callback.apply( object[ name ], args ) === false ) {
						break;
					}
				}
			} else {
				for ( ; i < length; ) {
					if ( callback.apply( object[ i++ ], args ) === false ) {
						break;
					}
				}
			}

		// A special, fast, case for the most common use of each
		} else {
			if ( isObj ) {
				for ( name in object ) {
					if ( callback.call( object[ name ], name, object[ name ] ) === false ) {
						break;
					}
				}
			} else {
				for ( var value = object[0];
					i < length && callback.call( value, i, value ) !== false; value = object[++i] ) {}
			}
		}

		return object;
	},

	trim: function( text ) {
		return (text || "").replace( rtrim, "" );
	},

	// results is for internal usage only
	makeArray: function( array, results ) {
		var ret = results || [];

		if ( array != null ) {
			// The window, strings (and functions) also have 'length'
			// The extra typeof function check is to prevent crashes
			// in Safari 2 (See: #3039)
			if ( array.length == null || typeof array === "string" || jQuery.isFunction(array) || (typeof array !== "function" && array.setInterval) ) {
				push.call( ret, array );
			} else {
				jQuery.merge( ret, array );
			}
		}

		return ret;
	},

	inArray: function( elem, array ) {
		if ( array.indexOf ) {
			return array.indexOf( elem );
		}

		for ( var i = 0, length = array.length; i < length; i++ ) {
			if ( array[ i ] === elem ) {
				return i;
			}
		}

		return -1;
	},

	merge: function( first, second ) {
		var i = first.length, j = 0;

		if ( typeof second.length === "number" ) {
			for ( var l = second.length; j < l; j++ ) {
				first[ i++ ] = second[ j ];
			}
		
		} else {
			while ( second[j] !== undefined ) {
				first[ i++ ] = second[ j++ ];
			}
		}

		first.length = i;

		return first;
	},

	grep: function( elems, callback, inv ) {
		var ret = [];

		// Go through the array, only saving the items
		// that pass the validator function
		for ( var i = 0, length = elems.length; i < length; i++ ) {
			if ( !inv !== !callback( elems[ i ], i ) ) {
				ret.push( elems[ i ] );
			}
		}

		return ret;
	},

	// arg is for internal usage only
	map: function( elems, callback, arg ) {
		var ret = [], value;

		// Go through the array, translating each of the items to their
		// new value (or values).
		for ( var i = 0, length = elems.length; i < length; i++ ) {
			value = callback( elems[ i ], i, arg );

			if ( value != null ) {
				ret[ ret.length ] = value;
			}
		}

		return ret.concat.apply( [], ret );
	},

	// A global GUID counter for objects
	guid: 1,

	proxy: function( fn, proxy, thisObject ) {
		if ( arguments.length === 2 ) {
			if ( typeof proxy === "string" ) {
				thisObject = fn;
				fn = thisObject[ proxy ];
				proxy = undefined;

			} else if ( proxy && !jQuery.isFunction( proxy ) ) {
				thisObject = proxy;
				proxy = undefined;
			}
		}

		if ( !proxy && fn ) {
			proxy = function() {
				return fn.apply( thisObject || this, arguments );
			};
		}

		// Set the guid of unique handler to the same of original handler, so it can be removed
		if ( fn ) {
			proxy.guid = fn.guid = fn.guid || proxy.guid || jQuery.guid++;
		}

		// So proxy can be declared as an argument
		return proxy;
	},

	// Use of jQuery.browser is frowned upon.
	// More details: http://docs.jquery.com/Utilities/jQuery.browser
	uaMatch: function( ua ) {
		ua = ua.toLowerCase();

		var match = /(webkit)[ \/]([\w.]+)/.exec( ua ) ||
			/(opera)(?:.*version)?[ \/]([\w.]+)/.exec( ua ) ||
			/(msie) ([\w.]+)/.exec( ua ) ||
			!/compatible/.test( ua ) && /(mozilla)(?:.*? rv:([\w.]+))?/.exec( ua ) ||
		  	[];

		return { browser: match[1] || "", version: match[2] || "0" };
	},

	browser: {}
});

browserMatch = jQuery.uaMatch( userAgent );
if ( browserMatch.browser ) {
	jQuery.browser[ browserMatch.browser ] = true;
	jQuery.browser.version = browserMatch.version;
}

// Deprecated, use jQuery.browser.webkit instead
if ( jQuery.browser.webkit ) {
	jQuery.browser.safari = true;
}

if ( indexOf ) {
	jQuery.inArray = function( elem, array ) {
		return indexOf.call( array, elem );
	};
}

// All jQuery objects should point back to these
rootjQuery = jQuery(document);

// Cleanup functions for the document ready method
if ( document.addEventListener ) {
	DOMContentLoaded = function() {
		document.removeEventListener( "DOMContentLoaded", DOMContentLoaded, false );
		jQuery.ready();
	};

} else if ( document.attachEvent ) {
	DOMContentLoaded = function() {
		// Make sure body exists, at least, in case IE gets a little overzealous (ticket #5443).
		if ( document.readyState === "complete" ) {
			document.detachEvent( "onreadystatechange", DOMContentLoaded );
			jQuery.ready();
		}
	};
}

// The DOM ready check for Internet Explorer
function doScrollCheck() {
	if ( jQuery.isReady ) {
		return;
	}

	try {
		// If IE is used, use the trick by Diego Perini
		// http://javascript.nwbox.com/IEContentLoaded/
		document.documentElement.doScroll("left");
	} catch( error ) {
		setTimeout( doScrollCheck, 1 );
		return;
	}

	// and execute any waiting functions
	jQuery.ready();
}

function evalScript( i, elem ) {
	if ( elem.src ) {
		jQuery.ajax({
			url: elem.src,
			async: false,
			dataType: "script"
		});
	} else {
		jQuery.globalEval( elem.text || elem.textContent || elem.innerHTML || "" );
	}

	if ( elem.parentNode ) {
		elem.parentNode.removeChild( elem );
	}
}

// Mutifunctional method to get and set values to a collection
// The value/s can be optionally by executed if its a function
function access( elems, key, value, exec, fn, pass ) {
	var length = elems.length;
	
	// Setting many attributes
	if ( typeof key === "object" ) {
		for ( var k in key ) {
			access( elems, k, key[k], exec, fn, value );
		}
		return elems;
	}
	
	// Setting one attribute
	if ( value !== undefined ) {
		// Optionally, function values get executed if exec is true
		exec = !pass && exec && jQuery.isFunction(value);
		
		for ( var i = 0; i < length; i++ ) {
			fn( elems[i], key, exec ? value.call( elems[i], i, fn( elems[i], key ) ) : value, pass );
		}
		
		return elems;
	}
	
	// Getting an attribute
	return length ? fn( elems[0], key ) : undefined;
}

function now() {
	return (new Date).getTime();
}
(function() {

	jQuery.support = {};

	var root = document.documentElement,
		script = document.createElement("script"),
		div = document.createElement("div"),
		id = "script" + now();

	div.style.display = "none";
	div.innerHTML = "   <link/><table></table><a href='/a' style='color:red;float:left;opacity:.55;'>a</a><input type='checkbox'/>";

	var all = div.getElementsByTagName("*"),
		a = div.getElementsByTagName("a")[0];

	// Can't get basic test support
	if ( !all || !all.length || !a ) {
		return;
	}

	jQuery.support = {
		// IE strips leading whitespace when .innerHTML is used
		leadingWhitespace: div.firstChild.nodeType === 3,

		// Make sure that tbody elements aren't automatically inserted
		// IE will insert them into empty tables
		tbody: !div.getElementsByTagName("tbody").length,

		// Make sure that link elements get serialized correctly by innerHTML
		// This requires a wrapper element in IE
		htmlSerialize: !!div.getElementsByTagName("link").length,

		// Get the style information from getAttribute
		// (IE uses .cssText insted)
		style: /red/.test( a.getAttribute("style") ),

		// Make sure that URLs aren't manipulated
		// (IE normalizes it by default)
		hrefNormalized: a.getAttribute("href") === "/a",

		// Make sure that element opacity exists
		// (IE uses filter instead)
		// Use a regex to work around a WebKit issue. See #5145
		opacity: /^0.55$/.test( a.style.opacity ),

		// Verify style float existence
		// (IE uses styleFloat instead of cssFloat)
		cssFloat: !!a.style.cssFloat,

		// Make sure that if no value is specified for a checkbox
		// that it defaults to "on".
		// (WebKit defaults to "" instead)
		checkOn: div.getElementsByTagName("input")[0].value === "on",

		// Make sure that a selected-by-default option has a working selected property.
		// (WebKit defaults to false instead of true, IE too, if it's in an optgroup)
		optSelected: document.createElement("select").appendChild( document.createElement("option") ).selected,

		parentNode: div.removeChild( div.appendChild( document.createElement("div") ) ).parentNode === null,

		// Will be defined later
		deleteExpando: true,
		checkClone: false,
		scriptEval: false,
		noCloneEvent: true,
		boxModel: null
	};

	script.type = "text/javascript";
	try {
		script.appendChild( document.createTextNode( "window." + id + "=1;" ) );
	} catch(e) {}

	root.insertBefore( script, root.firstChild );

	// Make sure that the execution of code works by injecting a script
	// tag with appendChild/createTextNode
	// (IE doesn't support this, fails, and uses .text instead)
	if ( window[ id ] ) {
		jQuery.support.scriptEval = true;
		delete window[ id ];
	}

	// Test to see if it's possible to delete an expando from an element
	// Fails in Internet Explorer
	try {
		delete script.test;
	
	} catch(e) {
		jQuery.support.deleteExpando = false;
	}

	root.removeChild( script );

	if ( div.attachEvent && div.fireEvent ) {
		div.attachEvent("onclick", function click() {
			// Cloning a node shouldn't copy over any
			// bound event handlers (IE does this)
			jQuery.support.noCloneEvent = false;
			div.detachEvent("onclick", click);
		});
		div.cloneNode(true).fireEvent("onclick");
	}

	div = document.createElement("div");
	div.innerHTML = "<input type='radio' name='radiotest' checked='checked'/>";

	var fragment = document.createDocumentFragment();
	fragment.appendChild( div.firstChild );

	// WebKit doesn't clone checked state correctly in fragments
	jQuery.support.checkClone = fragment.cloneNode(true).cloneNode(true).lastChild.checked;

	// Figure out if the W3C box model works as expected
	// document.body must exist before we can do this
	jQuery(function() {
		var div = document.createElement("div");
		div.style.width = div.style.paddingLeft = "1px";

		document.body.appendChild( div );
		jQuery.boxModel = jQuery.support.boxModel = div.offsetWidth === 2;
		document.body.removeChild( div ).style.display = 'none';

		div = null;
	});

	// Technique from Juriy Zaytsev
	// http://thinkweb2.com/projects/prototype/detecting-event-support-without-browser-sniffing/
	var eventSupported = function( eventName ) { 
		var el = document.createElement("div"); 
		eventName = "on" + eventName; 

		var isSupported = (eventName in el); 
		if ( !isSupported ) { 
			el.setAttribute(eventName, "return;"); 
			isSupported = typeof el[eventName] === "function"; 
		} 
		el = null; 

		return isSupported; 
	};
	
	jQuery.support.submitBubbles = eventSupported("submit");
	jQuery.support.changeBubbles = eventSupported("change");

	// release memory in IE
	root = script = div = all = a = null;
})();

jQuery.props = {
	"for": "htmlFor",
	"class": "className",
	readonly: "readOnly",
	maxlength: "maxLength",
	cellspacing: "cellSpacing",
	rowspan: "rowSpan",
	colspan: "colSpan",
	tabindex: "tabIndex",
	usemap: "useMap",
	frameborder: "frameBorder"
};
var expando = "jQuery" + now(), uuid = 0, windowData = {};

jQuery.extend({
	cache: {},
	
	expando:expando,

	// The following elements throw uncatchable exceptions if you
	// attempt to add expando properties to them.
	noData: {
		"embed": true,
		"object": true,
		"applet": true
	},

	data: function( elem, name, data ) {
		if ( elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()] ) {
			return;
		}

		elem = elem == window ?
			windowData :
			elem;

		var id = elem[ expando ], cache = jQuery.cache, thisCache;

		if ( !id && typeof name === "string" && data === undefined ) {
			return null;
		}

		// Compute a unique ID for the element
		if ( !id ) { 
			id = ++uuid;
		}

		// Avoid generating a new cache unless none exists and we
		// want to manipulate it.
		if ( typeof name === "object" ) {
			elem[ expando ] = id;
			thisCache = cache[ id ] = jQuery.extend(true, {}, name);

		} else if ( !cache[ id ] ) {
			elem[ expando ] = id;
			cache[ id ] = {};
		}

		thisCache = cache[ id ];

		// Prevent overriding the named cache with undefined values
		if ( data !== undefined ) {
			thisCache[ name ] = data;
		}

		return typeof name === "string" ? thisCache[ name ] : thisCache;
	},

	removeData: function( elem, name ) {
		if ( elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()] ) {
			return;
		}

		elem = elem == window ?
			windowData :
			elem;

		var id = elem[ expando ], cache = jQuery.cache, thisCache = cache[ id ];

		// If we want to remove a specific section of the element's data
		if ( name ) {
			if ( thisCache ) {
				// Remove the section of cache data
				delete thisCache[ name ];

				// If we've removed all the data, remove the element's cache
				if ( jQuery.isEmptyObject(thisCache) ) {
					jQuery.removeData( elem );
				}
			}

		// Otherwise, we want to remove all of the element's data
		} else {
			if ( jQuery.support.deleteExpando ) {
				delete elem[ jQuery.expando ];

			} else if ( elem.removeAttribute ) {
				elem.removeAttribute( jQuery.expando );
			}

			// Completely remove the data cache
			delete cache[ id ];
		}
	}
});

jQuery.fn.extend({
	data: function( key, value ) {
		if ( typeof key === "undefined" && this.length ) {
			return jQuery.data( this[0] );

		} else if ( typeof key === "object" ) {
			return this.each(function() {
				jQuery.data( this, key );
			});
		}

		var parts = key.split(".");
		parts[1] = parts[1] ? "." + parts[1] : "";

		if ( value === undefined ) {
			var data = this.triggerHandler("getData" + parts[1] + "!", [parts[0]]);

			if ( data === undefined && this.length ) {
				data = jQuery.data( this[0], key );
			}
			return data === undefined && parts[1] ?
				this.data( parts[0] ) :
				data;
		} else {
			return this.trigger("setData" + parts[1] + "!", [parts[0], value]).each(function() {
				jQuery.data( this, key, value );
			});
		}
	},

	removeData: function( key ) {
		return this.each(function() {
			jQuery.removeData( this, key );
		});
	}
});
jQuery.extend({
	queue: function( elem, type, data ) {
		if ( !elem ) {
			return;
		}

		type = (type || "fx") + "queue";
		var q = jQuery.data( elem, type );

		// Speed up dequeue by getting out quickly if this is just a lookup
		if ( !data ) {
			return q || [];
		}

		if ( !q || jQuery.isArray(data) ) {
			q = jQuery.data( elem, type, jQuery.makeArray(data) );

		} else {
			q.push( data );
		}

		return q;
	},

	dequeue: function( elem, type ) {
		type = type || "fx";

		var queue = jQuery.queue( elem, type ), fn = queue.shift();

		// If the fx queue is dequeued, always remove the progress sentinel
		if ( fn === "inprogress" ) {
			fn = queue.shift();
		}

		if ( fn ) {
			// Add a progress sentinel to prevent the fx queue from being
			// automatically dequeued
			if ( type === "fx" ) {
				queue.unshift("inprogress");
			}

			fn.call(elem, function() {
				jQuery.dequeue(elem, type);
			});
		}
	}
});

jQuery.fn.extend({
	queue: function( type, data ) {
		if ( typeof type !== "string" ) {
			data = type;
			type = "fx";
		}

		if ( data === undefined ) {
			return jQuery.queue( this[0], type );
		}
		return this.each(function( i, elem ) {
			var queue = jQuery.queue( this, type, data );

			if ( type === "fx" && queue[0] !== "inprogress" ) {
				jQuery.dequeue( this, type );
			}
		});
	},
	dequeue: function( type ) {
		return this.each(function() {
			jQuery.dequeue( this, type );
		});
	},

	// Based off of the plugin by Clint Helfers, with permission.
	// http://blindsignals.com/index.php/2009/07/jquery-delay/
	delay: function( time, type ) {
		time = jQuery.fx ? jQuery.fx.speeds[time] || time : time;
		type = type || "fx";

		return this.queue( type, function() {
			var elem = this;
			setTimeout(function() {
				jQuery.dequeue( elem, type );
			}, time );
		});
	},

	clearQueue: function( type ) {
		return this.queue( type || "fx", [] );
	}
});
var rclass = /[\n\t]/g,
	rspace = /\s+/,
	rreturn = /\r/g,
	rspecialurl = /href|src|style/,
	rtype = /(button|input)/i,
	rfocusable = /(button|input|object|select|textarea)/i,
	rclickable = /^(a|area)$/i,
	rradiocheck = /radio|checkbox/;

jQuery.fn.extend({
	attr: function( name, value ) {
		return access( this, name, value, true, jQuery.attr );
	},

	removeAttr: function( name, fn ) {
		return this.each(function(){
			jQuery.attr( this, name, "" );
			if ( this.nodeType === 1 ) {
				this.removeAttribute( name );
			}
		});
	},

	addClass: function( value ) {
		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.addClass( value.call(this, i, self.attr("class")) );
			});
		}

		if ( value && typeof value === "string" ) {
			var classNames = (value || "").split( rspace );

			for ( var i = 0, l = this.length; i < l; i++ ) {
				var elem = this[i];

				if ( elem.nodeType === 1 ) {
					if ( !elem.className ) {
						elem.className = value;

					} else {
						var className = " " + elem.className + " ", setClass = elem.className;
						for ( var c = 0, cl = classNames.length; c < cl; c++ ) {
							if ( className.indexOf( " " + classNames[c] + " " ) < 0 ) {
								setClass += " " + classNames[c];
							}
						}
						elem.className = jQuery.trim( setClass );
					}
				}
			}
		}

		return this;
	},

	removeClass: function( value ) {
		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.removeClass( value.call(this, i, self.attr("class")) );
			});
		}

		if ( (value && typeof value === "string") || value === undefined ) {
			var classNames = (value || "").split(rspace);

			for ( var i = 0, l = this.length; i < l; i++ ) {
				var elem = this[i];

				if ( elem.nodeType === 1 && elem.className ) {
					if ( value ) {
						var className = (" " + elem.className + " ").replace(rclass, " ");
						for ( var c = 0, cl = classNames.length; c < cl; c++ ) {
							className = className.replace(" " + classNames[c] + " ", " ");
						}
						elem.className = jQuery.trim( className );

					} else {
						elem.className = "";
					}
				}
			}
		}

		return this;
	},

	toggleClass: function( value, stateVal ) {
		var type = typeof value, isBool = typeof stateVal === "boolean";

		if ( jQuery.isFunction( value ) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.toggleClass( value.call(this, i, self.attr("class"), stateVal), stateVal );
			});
		}

		return this.each(function() {
			if ( type === "string" ) {
				// toggle individual class names
				var className, i = 0, self = jQuery(this),
					state = stateVal,
					classNames = value.split( rspace );

				while ( (className = classNames[ i++ ]) ) {
					// check each className given, space seperated list
					state = isBool ? state : !self.hasClass( className );
					self[ state ? "addClass" : "removeClass" ]( className );
				}

			} else if ( type === "undefined" || type === "boolean" ) {
				if ( this.className ) {
					// store className if set
					jQuery.data( this, "__className__", this.className );
				}

				// toggle whole className
				this.className = this.className || value === false ? "" : jQuery.data( this, "__className__" ) || "";
			}
		});
	},

	hasClass: function( selector ) {
		var className = " " + selector + " ";
		for ( var i = 0, l = this.length; i < l; i++ ) {
			if ( (" " + this[i].className + " ").replace(rclass, " ").indexOf( className ) > -1 ) {
				return true;
			}
		}

		return false;
	},

	val: function( value ) {
		if ( value === undefined ) {
			var elem = this[0];

			if ( elem ) {
				if ( jQuery.nodeName( elem, "option" ) ) {
					return (elem.attributes.value || {}).specified ? elem.value : elem.text;
				}

				// We need to handle select boxes special
				if ( jQuery.nodeName( elem, "select" ) ) {
					var index = elem.selectedIndex,
						values = [],
						options = elem.options,
						one = elem.type === "select-one";

					// Nothing was selected
					if ( index < 0 ) {
						return null;
					}

					// Loop through all the selected options
					for ( var i = one ? index : 0, max = one ? index + 1 : options.length; i < max; i++ ) {
						var option = options[ i ];

						if ( option.selected ) {
							// Get the specifc value for the option
							value = jQuery(option).val();

							// We don't need an array for one selects
							if ( one ) {
								return value;
							}

							// Multi-Selects return an array
							values.push( value );
						}
					}

					return values;
				}

				// Handle the case where in Webkit "" is returned instead of "on" if a value isn't specified
				if ( rradiocheck.test( elem.type ) && !jQuery.support.checkOn ) {
					return elem.getAttribute("value") === null ? "on" : elem.value;
				}
				

				// Everything else, we just grab the value
				return (elem.value || "").replace(rreturn, "");

			}

			return undefined;
		}

		var isFunction = jQuery.isFunction(value);

		return this.each(function(i) {
			var self = jQuery(this), val = value;

			if ( this.nodeType !== 1 ) {
				return;
			}

			if ( isFunction ) {
				val = value.call(this, i, self.val());
			}

			// Typecast each time if the value is a Function and the appended
			// value is therefore different each time.
			if ( typeof val === "number" ) {
				val += "";
			}

			if ( jQuery.isArray(val) && rradiocheck.test( this.type ) ) {
				this.checked = jQuery.inArray( self.val(), val ) >= 0;

			} else if ( jQuery.nodeName( this, "select" ) ) {
				var values = jQuery.makeArray(val);

				jQuery( "option", this ).each(function() {
					this.selected = jQuery.inArray( jQuery(this).val(), values ) >= 0;
				});

				if ( !values.length ) {
					this.selectedIndex = -1;
				}

			} else {
				this.value = val;
			}
		});
	}
});

jQuery.extend({
	attrFn: {
		val: true,
		css: true,
		html: true,
		text: true,
		data: true,
		width: true,
		height: true,
		offset: true
	},
		
	attr: function( elem, name, value, pass ) {
		// don't set attributes on text and comment nodes
		if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
			return undefined;
		}

		if ( pass && name in jQuery.attrFn ) {
			return jQuery(elem)[name](value);
		}

		var notxml = elem.nodeType !== 1 || !jQuery.isXMLDoc( elem ),
			// Whether we are setting (or getting)
			set = value !== undefined;

		// Try to normalize/fix the name
		name = notxml && jQuery.props[ name ] || name;

		// Only do all the following if this is a node (faster for style)
		if ( elem.nodeType === 1 ) {
			// These attributes require special treatment
			var special = rspecialurl.test( name );

			// Safari mis-reports the default selected property of an option
			// Accessing the parent's selectedIndex property fixes it
			if ( name === "selected" && !jQuery.support.optSelected ) {
				var parent = elem.parentNode;
				if ( parent ) {
					parent.selectedIndex;
	
					// Make sure that it also works with optgroups, see #5701
					if ( parent.parentNode ) {
						parent.parentNode.selectedIndex;
					}
				}
			}

			// If applicable, access the attribute via the DOM 0 way
			if ( name in elem && notxml && !special ) {
				if ( set ) {
					// We can't allow the type property to be changed (since it causes problems in IE)
					if ( name === "type" && rtype.test( elem.nodeName ) && elem.parentNode ) {
						jQuery.error( "type property can't be changed" );
					}

					elem[ name ] = value;
				}

				// browsers index elements by id/name on forms, give priority to attributes.
				if ( jQuery.nodeName( elem, "form" ) && elem.getAttributeNode(name) ) {
					return elem.getAttributeNode( name ).nodeValue;
				}

				// elem.tabIndex doesn't always return the correct value when it hasn't been explicitly set
				// http://fluidproject.org/blog/2008/01/09/getting-setting-and-removing-tabindex-values-with-javascript/
				if ( name === "tabIndex" ) {
					var attributeNode = elem.getAttributeNode( "tabIndex" );

					return attributeNode && attributeNode.specified ?
						attributeNode.value :
						rfocusable.test( elem.nodeName ) || rclickable.test( elem.nodeName ) && elem.href ?
							0 :
							undefined;
				}

				return elem[ name ];
			}

			if ( !jQuery.support.style && notxml && name === "style" ) {
				if ( set ) {
					elem.style.cssText = "" + value;
				}

				return elem.style.cssText;
			}

			if ( set ) {
				// convert the value to a string (all browsers do this but IE) see #1070
				elem.setAttribute( name, "" + value );
			}

			var attr = !jQuery.support.hrefNormalized && notxml && special ?
					// Some attributes require a special call on IE
					elem.getAttribute( name, 2 ) :
					elem.getAttribute( name );

			// Non-existent attributes return null, we normalize to undefined
			return attr === null ? undefined : attr;
		}

		// elem is actually elem.style ... set the style
		// Using attr for specific style information is now deprecated. Use style instead.
		return jQuery.style( elem, name, value );
	}
});
var rnamespaces = /\.(.*)$/,
	fcleanup = function( nm ) {
		return nm.replace(/[^\w\s\.\|`]/g, function( ch ) {
			return "\\" + ch;
		});
	};

/*
 * A number of helper functions used for managing events.
 * Many of the ideas behind this code originated from
 * Dean Edwards' addEvent library.
 */
jQuery.event = {

	// Bind an event to an element
	// Original by Dean Edwards
	add: function( elem, types, handler, data ) {
		if ( elem.nodeType === 3 || elem.nodeType === 8 ) {
			return;
		}

		// For whatever reason, IE has trouble passing the window object
		// around, causing it to be cloned in the process
		if ( elem.setInterval && ( elem !== window && !elem.frameElement ) ) {
			elem = window;
		}

		var handleObjIn, handleObj;

		if ( handler.handler ) {
			handleObjIn = handler;
			handler = handleObjIn.handler;
		}

		// Make sure that the function being executed has a unique ID
		if ( !handler.guid ) {
			handler.guid = jQuery.guid++;
		}

		// Init the element's event structure
		var elemData = jQuery.data( elem );

		// If no elemData is found then we must be trying to bind to one of the
		// banned noData elements
		if ( !elemData ) {
			return;
		}

		var events = elemData.events = elemData.events || {},
			eventHandle = elemData.handle, eventHandle;

		if ( !eventHandle ) {
			elemData.handle = eventHandle = function() {
				// Handle the second event of a trigger and when
				// an event is called after a page has unloaded
				return typeof jQuery !== "undefined" && !jQuery.event.triggered ?
					jQuery.event.handle.apply( eventHandle.elem, arguments ) :
					undefined;
			};
		}

		// Add elem as a property of the handle function
		// This is to prevent a memory leak with non-native events in IE.
		eventHandle.elem = elem;

		// Handle multiple events separated by a space
		// jQuery(...).bind("mouseover mouseout", fn);
		types = types.split(" ");

		var type, i = 0, namespaces;

		while ( (type = types[ i++ ]) ) {
			handleObj = handleObjIn ?
				jQuery.extend({}, handleObjIn) :
				{ handler: handler, data: data };

			// Namespaced event handlers
			if ( type.indexOf(".") > -1 ) {
				namespaces = type.split(".");
				type = namespaces.shift();
				handleObj.namespace = namespaces.slice(0).sort().join(".");

			} else {
				namespaces = [];
				handleObj.namespace = "";
			}

			handleObj.type = type;
			handleObj.guid = handler.guid;

			// Get the current list of functions bound to this event
			var handlers = events[ type ],
				special = jQuery.event.special[ type ] || {};

			// Init the event handler queue
			if ( !handlers ) {
				handlers = events[ type ] = [];

				// Check for a special event handler
				// Only use addEventListener/attachEvent if the special
				// events handler returns false
				if ( !special.setup || special.setup.call( elem, data, namespaces, eventHandle ) === false ) {
					// Bind the global event handler to the element
					if ( elem.addEventListener ) {
						elem.addEventListener( type, eventHandle, false );

					} else if ( elem.attachEvent ) {
						elem.attachEvent( "on" + type, eventHandle );
					}
				}
			}
			
			if ( special.add ) { 
				special.add.call( elem, handleObj ); 

				if ( !handleObj.handler.guid ) {
					handleObj.handler.guid = handler.guid;
				}
			}

			// Add the function to the element's handler list
			handlers.push( handleObj );

			// Keep track of which events have been used, for global triggering
			jQuery.event.global[ type ] = true;
		}

		// Nullify elem to prevent memory leaks in IE
		elem = null;
	},

	global: {},

	// Detach an event or set of events from an element
	remove: function( elem, types, handler, pos ) {
		// don't do events on text and comment nodes
		if ( elem.nodeType === 3 || elem.nodeType === 8 ) {
			return;
		}

		var ret, type, fn, i = 0, all, namespaces, namespace, special, eventType, handleObj, origType,
			elemData = jQuery.data( elem ),
			events = elemData && elemData.events;

		if ( !elemData || !events ) {
			return;
		}

		// types is actually an event object here
		if ( types && types.type ) {
			handler = types.handler;
			types = types.type;
		}

		// Unbind all events for the element
		if ( !types || typeof types === "string" && types.charAt(0) === "." ) {
			types = types || "";

			for ( type in events ) {
				jQuery.event.remove( elem, type + types );
			}

			return;
		}

		// Handle multiple events separated by a space
		// jQuery(...).unbind("mouseover mouseout", fn);
		types = types.split(" ");

		while ( (type = types[ i++ ]) ) {
			origType = type;
			handleObj = null;
			all = type.indexOf(".") < 0;
			namespaces = [];

			if ( !all ) {
				// Namespaced event handlers
				namespaces = type.split(".");
				type = namespaces.shift();

				namespace = new RegExp("(^|\\.)" + 
					jQuery.map( namespaces.slice(0).sort(), fcleanup ).join("\\.(?:.*\\.)?") + "(\\.|$)")
			}

			eventType = events[ type ];

			if ( !eventType ) {
				continue;
			}

			if ( !handler ) {
				for ( var j = 0; j < eventType.length; j++ ) {
					handleObj = eventType[ j ];

					if ( all || namespace.test( handleObj.namespace ) ) {
						jQuery.event.remove( elem, origType, handleObj.handler, j );
						eventType.splice( j--, 1 );
					}
				}

				continue;
			}

			special = jQuery.event.special[ type ] || {};

			for ( var j = pos || 0; j < eventType.length; j++ ) {
				handleObj = eventType[ j ];

				if ( handler.guid === handleObj.guid ) {
					// remove the given handler for the given type
					if ( all || namespace.test( handleObj.namespace ) ) {
						if ( pos == null ) {
							eventType.splice( j--, 1 );
						}

						if ( special.remove ) {
							special.remove.call( elem, handleObj );
						}
					}

					if ( pos != null ) {
						break;
					}
				}
			}

			// remove generic event handler if no more handlers exist
			if ( eventType.length === 0 || pos != null && eventType.length === 1 ) {
				if ( !special.teardown || special.teardown.call( elem, namespaces ) === false ) {
					removeEvent( elem, type, elemData.handle );
				}

				ret = null;
				delete events[ type ];
			}
		}

		// Remove the expando if it's no longer used
		if ( jQuery.isEmptyObject( events ) ) {
			var handle = elemData.handle;
			if ( handle ) {
				handle.elem = null;
			}

			delete elemData.events;
			delete elemData.handle;

			if ( jQuery.isEmptyObject( elemData ) ) {
				jQuery.removeData( elem );
			}
		}
	},

	// bubbling is internal
	trigger: function( event, data, elem /*, bubbling */ ) {
		// Event object or event type
		var type = event.type || event,
			bubbling = arguments[3];

		if ( !bubbling ) {
			event = typeof event === "object" ?
				// jQuery.Event object
				event[expando] ? event :
				// Object literal
				jQuery.extend( jQuery.Event(type), event ) :
				// Just the event type (string)
				jQuery.Event(type);

			if ( type.indexOf("!") >= 0 ) {
				event.type = type = type.slice(0, -1);
				event.exclusive = true;
			}

			// Handle a global trigger
			if ( !elem ) {
				// Don't bubble custom events when global (to avoid too much overhead)
				event.stopPropagation();

				// Only trigger if we've ever bound an event for it
				if ( jQuery.event.global[ type ] ) {
					jQuery.each( jQuery.cache, function() {
						if ( this.events && this.events[type] ) {
							jQuery.event.trigger( event, data, this.handle.elem );
						}
					});
				}
			}

			// Handle triggering a single element

			// don't do events on text and comment nodes
			if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
				return undefined;
			}

			// Clean up in case it is reused
			event.result = undefined;
			event.target = elem;

			// Clone the incoming data, if any
			data = jQuery.makeArray( data );
			data.unshift( event );
		}

		event.currentTarget = elem;

		// Trigger the event, it is assumed that "handle" is a function
		var handle = jQuery.data( elem, "handle" );
		if ( handle ) {
			handle.apply( elem, data );
		}

		var parent = elem.parentNode || elem.ownerDocument;

		// Trigger an inline bound script
		try {
			if ( !(elem && elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()]) ) {
				if ( elem[ "on" + type ] && elem[ "on" + type ].apply( elem, data ) === false ) {
					event.result = false;
				}
			}

		// prevent IE from throwing an error for some elements with some event types, see #3533
		} catch (e) {}

		if ( !event.isPropagationStopped() && parent ) {
			jQuery.event.trigger( event, data, parent, true );

		} else if ( !event.isDefaultPrevented() ) {
			var target = event.target, old,
				isClick = jQuery.nodeName(target, "a") && type === "click",
				special = jQuery.event.special[ type ] || {};

			if ( (!special._default || special._default.call( elem, event ) === false) && 
				!isClick && !(target && target.nodeName && jQuery.noData[target.nodeName.toLowerCase()]) ) {

				try {
					if ( target[ type ] ) {
						// Make sure that we don't accidentally re-trigger the onFOO events
						old = target[ "on" + type ];

						if ( old ) {
							target[ "on" + type ] = null;
						}

						jQuery.event.triggered = true;
						target[ type ]();
					}

				// prevent IE from throwing an error for some elements with some event types, see #3533
				} catch (e) {}

				if ( old ) {
					target[ "on" + type ] = old;
				}

				jQuery.event.triggered = false;
			}
		}
	},

	handle: function( event ) {
		var all, handlers, namespaces, namespace, events;

		event = arguments[0] = jQuery.event.fix( event || window.event );
		event.currentTarget = this;

		// Namespaced event handlers
		all = event.type.indexOf(".") < 0 && !event.exclusive;

		if ( !all ) {
			namespaces = event.type.split(".");
			event.type = namespaces.shift();
			namespace = new RegExp("(^|\\.)" + namespaces.slice(0).sort().join("\\.(?:.*\\.)?") + "(\\.|$)");
		}

		var events = jQuery.data(this, "events"), handlers = events[ event.type ];

		if ( events && handlers ) {
			// Clone the handlers to prevent manipulation
			handlers = handlers.slice(0);

			for ( var j = 0, l = handlers.length; j < l; j++ ) {
				var handleObj = handlers[ j ];

				// Filter the functions by class
				if ( all || namespace.test( handleObj.namespace ) ) {
					// Pass in a reference to the handler function itself
					// So that we can later remove it
					event.handler = handleObj.handler;
					event.data = handleObj.data;
					event.handleObj = handleObj;
	
					var ret = handleObj.handler.apply( this, arguments );

					if ( ret !== undefined ) {
						event.result = ret;
						if ( ret === false ) {
							event.preventDefault();
							event.stopPropagation();
						}
					}

					if ( event.isImmediatePropagationStopped() ) {
						break;
					}
				}
			}
		}

		return event.result;
	},

	props: "altKey attrChange attrName bubbles button cancelable charCode clientX clientY ctrlKey currentTarget data detail eventPhase fromElement handler keyCode layerX layerY metaKey newValue offsetX offsetY originalTarget pageX pageY prevValue relatedNode relatedTarget screenX screenY shiftKey srcElement target toElement view wheelDelta which".split(" "),

	fix: function( event ) {
		if ( event[ expando ] ) {
			return event;
		}

		// store a copy of the original event object
		// and "clone" to set read-only properties
		var originalEvent = event;
		event = jQuery.Event( originalEvent );

		for ( var i = this.props.length, prop; i; ) {
			prop = this.props[ --i ];
			event[ prop ] = originalEvent[ prop ];
		}

		// Fix target property, if necessary
		if ( !event.target ) {
			event.target = event.srcElement || document; // Fixes #1925 where srcElement might not be defined either
		}

		// check if target is a textnode (safari)
		if ( event.target.nodeType === 3 ) {
			event.target = event.target.parentNode;
		}

		// Add relatedTarget, if necessary
		if ( !event.relatedTarget && event.fromElement ) {
			event.relatedTarget = event.fromElement === event.target ? event.toElement : event.fromElement;
		}

		// Calculate pageX/Y if missing and clientX/Y available
		if ( event.pageX == null && event.clientX != null ) {
			var doc = document.documentElement, body = document.body;
			event.pageX = event.clientX + (doc && doc.scrollLeft || body && body.scrollLeft || 0) - (doc && doc.clientLeft || body && body.clientLeft || 0);
			event.pageY = event.clientY + (doc && doc.scrollTop  || body && body.scrollTop  || 0) - (doc && doc.clientTop  || body && body.clientTop  || 0);
		}

		// Add which for key events
		if ( !event.which && ((event.charCode || event.charCode === 0) ? event.charCode : event.keyCode) ) {
			event.which = event.charCode || event.keyCode;
		}

		// Add metaKey to non-Mac browsers (use ctrl for PC's and Meta for Macs)
		if ( !event.metaKey && event.ctrlKey ) {
			event.metaKey = event.ctrlKey;
		}

		// Add which for click: 1 === left; 2 === middle; 3 === right
		// Note: button is not normalized, so don't use it
		if ( !event.which && event.button !== undefined ) {
			event.which = (event.button & 1 ? 1 : ( event.button & 2 ? 3 : ( event.button & 4 ? 2 : 0 ) ));
		}

		return event;
	},

	// Deprecated, use jQuery.guid instead
	guid: 1E8,

	// Deprecated, use jQuery.proxy instead
	proxy: jQuery.proxy,

	special: {
		ready: {
			// Make sure the ready event is setup
			setup: jQuery.bindReady,
			teardown: jQuery.noop
		},

		live: {
			add: function( handleObj ) {
				jQuery.event.add( this, handleObj.origType, jQuery.extend({}, handleObj, {handler: liveHandler}) ); 
			},

			remove: function( handleObj ) {
				var remove = true,
					type = handleObj.origType.replace(rnamespaces, "");
				
				jQuery.each( jQuery.data(this, "events").live || [], function() {
					if ( type === this.origType.replace(rnamespaces, "") ) {
						remove = false;
						return false;
					}
				});

				if ( remove ) {
					jQuery.event.remove( this, handleObj.origType, liveHandler );
				}
			}

		},

		beforeunload: {
			setup: function( data, namespaces, eventHandle ) {
				// We only want to do this special case on windows
				if ( this.setInterval ) {
					this.onbeforeunload = eventHandle;
				}

				return false;
			},
			teardown: function( namespaces, eventHandle ) {
				if ( this.onbeforeunload === eventHandle ) {
					this.onbeforeunload = null;
				}
			}
		}
	}
};

var removeEvent = document.removeEventListener ?
	function( elem, type, handle ) {
		elem.removeEventListener( type, handle, false );
	} : 
	function( elem, type, handle ) {
		elem.detachEvent( "on" + type, handle );
	};

jQuery.Event = function( src ) {
	// Allow instantiation without the 'new' keyword
	if ( !this.preventDefault ) {
		return new jQuery.Event( src );
	}

	// Event object
	if ( src && src.type ) {
		this.originalEvent = src;
		this.type = src.type;
	// Event type
	} else {
		this.type = src;
	}

	// timeStamp is buggy for some events on Firefox(#3843)
	// So we won't rely on the native value
	this.timeStamp = now();

	// Mark it as fixed
	this[ expando ] = true;
};

function returnFalse() {
	return false;
}
function returnTrue() {
	return true;
}

// jQuery.Event is based on DOM3 Events as specified by the ECMAScript Language Binding
// http://www.w3.org/TR/2003/WD-DOM-Level-3-Events-20030331/ecma-script-binding.html
jQuery.Event.prototype = {
	preventDefault: function() {
		this.isDefaultPrevented = returnTrue;

		var e = this.originalEvent;
		if ( !e ) {
			return;
		}
		
		// if preventDefault exists run it on the original event
		if ( e.preventDefault ) {
			e.preventDefault();
		}
		// otherwise set the returnValue property of the original event to false (IE)
		e.returnValue = false;
	},
	stopPropagation: function() {
		this.isPropagationStopped = returnTrue;

		var e = this.originalEvent;
		if ( !e ) {
			return;
		}
		// if stopPropagation exists run it on the original event
		if ( e.stopPropagation ) {
			e.stopPropagation();
		}
		// otherwise set the cancelBubble property of the original event to true (IE)
		e.cancelBubble = true;
	},
	stopImmediatePropagation: function() {
		this.isImmediatePropagationStopped = returnTrue;
		this.stopPropagation();
	},
	isDefaultPrevented: returnFalse,
	isPropagationStopped: returnFalse,
	isImmediatePropagationStopped: returnFalse
};

// Checks if an event happened on an element within another element
// Used in jQuery.event.special.mouseenter and mouseleave handlers
var withinElement = function( event ) {
	// Check if mouse(over|out) are still within the same parent element
	var parent = event.relatedTarget;

	// Firefox sometimes assigns relatedTarget a XUL element
	// which we cannot access the parentNode property of
	try {
		// Traverse up the tree
		while ( parent && parent !== this ) {
			parent = parent.parentNode;
		}

		if ( parent !== this ) {
			// set the correct event type
			event.type = event.data;

			// handle event if we actually just moused on to a non sub-element
			jQuery.event.handle.apply( this, arguments );
		}

	// assuming we've left the element since we most likely mousedover a xul element
	} catch(e) { }
},

// In case of event delegation, we only need to rename the event.type,
// liveHandler will take care of the rest.
delegate = function( event ) {
	event.type = event.data;
	jQuery.event.handle.apply( this, arguments );
};

// Create mouseenter and mouseleave events
jQuery.each({
	mouseenter: "mouseover",
	mouseleave: "mouseout"
}, function( orig, fix ) {
	jQuery.event.special[ orig ] = {
		setup: function( data ) {
			jQuery.event.add( this, fix, data && data.selector ? delegate : withinElement, orig );
		},
		teardown: function( data ) {
			jQuery.event.remove( this, fix, data && data.selector ? delegate : withinElement );
		}
	};
});

// submit delegation
if ( !jQuery.support.submitBubbles ) {

	jQuery.event.special.submit = {
		setup: function( data, namespaces ) {
			if ( this.nodeName.toLowerCase() !== "form" ) {
				jQuery.event.add(this, "click.specialSubmit", function( e ) {
					var elem = e.target, type = elem.type;

					if ( (type === "submit" || type === "image") && jQuery( elem ).closest("form").length ) {
						return trigger( "submit", this, arguments );
					}
				});
	 
				jQuery.event.add(this, "keypress.specialSubmit", function( e ) {
					var elem = e.target, type = elem.type;

					if ( (type === "text" || type === "password") && jQuery( elem ).closest("form").length && e.keyCode === 13 ) {
						return trigger( "submit", this, arguments );
					}
				});

			} else {
				return false;
			}
		},

		teardown: function( namespaces ) {
			jQuery.event.remove( this, ".specialSubmit" );
		}
	};

}

// change delegation, happens here so we have bind.
if ( !jQuery.support.changeBubbles ) {

	var formElems = /textarea|input|select/i,

	changeFilters,

	getVal = function( elem ) {
		var type = elem.type, val = elem.value;

		if ( type === "radio" || type === "checkbox" ) {
			val = elem.checked;

		} else if ( type === "select-multiple" ) {
			val = elem.selectedIndex > -1 ?
				jQuery.map( elem.options, function( elem ) {
					return elem.selected;
				}).join("-") :
				"";

		} else if ( elem.nodeName.toLowerCase() === "select" ) {
			val = elem.selectedIndex;
		}

		return val;
	},

	testChange = function testChange( e ) {
		var elem = e.target, data, val;

		if ( !formElems.test( elem.nodeName ) || elem.readOnly ) {
			return;
		}

		data = jQuery.data( elem, "_change_data" );
		val = getVal(elem);

		// the current data will be also retrieved by beforeactivate
		if ( e.type !== "focusout" || elem.type !== "radio" ) {
			jQuery.data( elem, "_change_data", val );
		}
		
		if ( data === undefined || val === data ) {
			return;
		}

		if ( data != null || val ) {
			e.type = "change";
			return jQuery.event.trigger( e, arguments[1], elem );
		}
	};

	jQuery.event.special.change = {
		filters: {
			focusout: testChange, 

			click: function( e ) {
				var elem = e.target, type = elem.type;

				if ( type === "radio" || type === "checkbox" || elem.nodeName.toLowerCase() === "select" ) {
					return testChange.call( this, e );
				}
			},

			// Change has to be called before submit
			// Keydown will be called before keypress, which is used in submit-event delegation
			keydown: function( e ) {
				var elem = e.target, type = elem.type;

				if ( (e.keyCode === 13 && elem.nodeName.toLowerCase() !== "textarea") ||
					(e.keyCode === 32 && (type === "checkbox" || type === "radio")) ||
					type === "select-multiple" ) {
					return testChange.call( this, e );
				}
			},

			// Beforeactivate happens also before the previous element is blurred
			// with this event you can't trigger a change event, but you can store
			// information/focus[in] is not needed anymore
			beforeactivate: function( e ) {
				var elem = e.target;
				jQuery.data( elem, "_change_data", getVal(elem) );
			}
		},

		setup: function( data, namespaces ) {
			if ( this.type === "file" ) {
				return false;
			}

			for ( var type in changeFilters ) {
				jQuery.event.add( this, type + ".specialChange", changeFilters[type] );
			}

			return formElems.test( this.nodeName );
		},

		teardown: function( namespaces ) {
			jQuery.event.remove( this, ".specialChange" );

			return formElems.test( this.nodeName );
		}
	};

	changeFilters = jQuery.event.special.change.filters;
}

function trigger( type, elem, args ) {
	args[0].type = type;
	return jQuery.event.handle.apply( elem, args );
}

// Create "bubbling" focus and blur events
if ( document.addEventListener ) {
	jQuery.each({ focus: "focusin", blur: "focusout" }, function( orig, fix ) {
		jQuery.event.special[ fix ] = {
			setup: function() {
				this.addEventListener( orig, handler, true );
			}, 
			teardown: function() { 
				this.removeEventListener( orig, handler, true );
			}
		};

		function handler( e ) { 
			e = jQuery.event.fix( e );
			e.type = fix;
			return jQuery.event.handle.call( this, e );
		}
	});
}

jQuery.each(["bind", "one"], function( i, name ) {
	jQuery.fn[ name ] = function( type, data, fn ) {
		// Handle object literals
		if ( typeof type === "object" ) {
			for ( var key in type ) {
				this[ name ](key, data, type[key], fn);
			}
			return this;
		}
		
		if ( jQuery.isFunction( data ) ) {
			fn = data;
			data = undefined;
		}

		var handler = name === "one" ? jQuery.proxy( fn, function( event ) {
			jQuery( this ).unbind( event, handler );
			return fn.apply( this, arguments );
		}) : fn;

		if ( type === "unload" && name !== "one" ) {
			this.one( type, data, fn );

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				jQuery.event.add( this[i], type, handler, data );
			}
		}

		return this;
	};
});

jQuery.fn.extend({
	unbind: function( type, fn ) {
		// Handle object literals
		if ( typeof type === "object" && !type.preventDefault ) {
			for ( var key in type ) {
				this.unbind(key, type[key]);
			}

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				jQuery.event.remove( this[i], type, fn );
			}
		}

		return this;
	},
	
	delegate: function( selector, types, data, fn ) {
		return this.live( types, data, fn, selector );
	},
	
	undelegate: function( selector, types, fn ) {
		if ( arguments.length === 0 ) {
				return this.unbind( "live" );
		
		} else {
			return this.die( types, null, fn, selector );
		}
	},
	
	trigger: function( type, data ) {
		return this.each(function() {
			jQuery.event.trigger( type, data, this );
		});
	},

	triggerHandler: function( type, data ) {
		if ( this[0] ) {
			var event = jQuery.Event( type );
			event.preventDefault();
			event.stopPropagation();
			jQuery.event.trigger( event, data, this[0] );
			return event.result;
		}
	},

	toggle: function( fn ) {
		// Save reference to arguments for access in closure
		var args = arguments, i = 1;

		// link all the functions, so any of them can unbind this click handler
		while ( i < args.length ) {
			jQuery.proxy( fn, args[ i++ ] );
		}

		return this.click( jQuery.proxy( fn, function( event ) {
			// Figure out which function to execute
			var lastToggle = ( jQuery.data( this, "lastToggle" + fn.guid ) || 0 ) % i;
			jQuery.data( this, "lastToggle" + fn.guid, lastToggle + 1 );

			// Make sure that clicks stop
			event.preventDefault();

			// and execute the function
			return args[ lastToggle ].apply( this, arguments ) || false;
		}));
	},

	hover: function( fnOver, fnOut ) {
		return this.mouseenter( fnOver ).mouseleave( fnOut || fnOver );
	}
});

var liveMap = {
	focus: "focusin",
	blur: "focusout",
	mouseenter: "mouseover",
	mouseleave: "mouseout"
};

jQuery.each(["live", "die"], function( i, name ) {
	jQuery.fn[ name ] = function( types, data, fn, origSelector /* Internal Use Only */ ) {
		var type, i = 0, match, namespaces, preType,
			selector = origSelector || this.selector,
			context = origSelector ? this : jQuery( this.context );

		if ( jQuery.isFunction( data ) ) {
			fn = data;
			data = undefined;
		}

		types = (types || "").split(" ");

		while ( (type = types[ i++ ]) != null ) {
			match = rnamespaces.exec( type );
			namespaces = "";

			if ( match )  {
				namespaces = match[0];
				type = type.replace( rnamespaces, "" );
			}

			if ( type === "hover" ) {
				types.push( "mouseenter" + namespaces, "mouseleave" + namespaces );
				continue;
			}

			preType = type;

			if ( type === "focus" || type === "blur" ) {
				types.push( liveMap[ type ] + namespaces );
				type = type + namespaces;

			} else {
				type = (liveMap[ type ] || type) + namespaces;
			}

			if ( name === "live" ) {
				// bind live handler
				context.each(function(){
					jQuery.event.add( this, liveConvert( type, selector ),
						{ data: data, selector: selector, handler: fn, origType: type, origHandler: fn, preType: preType } );
				});

			} else {
				// unbind live handler
				context.unbind( liveConvert( type, selector ), fn );
			}
		}
		
		return this;
	}
});

function liveHandler( event ) {
	var stop, elems = [], selectors = [], args = arguments,
		related, match, handleObj, elem, j, i, l, data,
		events = jQuery.data( this, "events" );

	// Make sure we avoid non-left-click bubbling in Firefox (#3861)
	if ( event.liveFired === this || !events || !events.live || event.button && event.type === "click" ) {
		return;
	}

	event.liveFired = this;

	var live = events.live.slice(0);

	for ( j = 0; j < live.length; j++ ) {
		handleObj = live[j];

		if ( handleObj.origType.replace( rnamespaces, "" ) === event.type ) {
			selectors.push( handleObj.selector );

		} else {
			live.splice( j--, 1 );
		}
	}

	match = jQuery( event.target ).closest( selectors, event.currentTarget );

	for ( i = 0, l = match.length; i < l; i++ ) {
		for ( j = 0; j < live.length; j++ ) {
			handleObj = live[j];

			if ( match[i].selector === handleObj.selector ) {
				elem = match[i].elem;
				related = null;

				// Those two events require additional checking
				if ( handleObj.preType === "mouseenter" || handleObj.preType === "mouseleave" ) {
					related = jQuery( event.relatedTarget ).closest( handleObj.selector )[0];
				}

				if ( !related || related !== elem ) {
					elems.push({ elem: elem, handleObj: handleObj });
				}
			}
		}
	}

	for ( i = 0, l = elems.length; i < l; i++ ) {
		match = elems[i];
		event.currentTarget = match.elem;
		event.data = match.handleObj.data;
		event.handleObj = match.handleObj;

		if ( match.handleObj.origHandler.apply( match.elem, args ) === false ) {
			stop = false;
			break;
		}
	}

	return stop;
}

function liveConvert( type, selector ) {
	return "live." + (type && type !== "*" ? type + "." : "") + selector.replace(/\./g, "`").replace(/ /g, "&");
}

jQuery.each( ("blur focus focusin focusout load resize scroll unload click dblclick " +
	"mousedown mouseup mousemove mouseover mouseout mouseenter mouseleave " +
	"change select submit keydown keypress keyup error").split(" "), function( i, name ) {

	// Handle event binding
	jQuery.fn[ name ] = function( fn ) {
		return fn ? this.bind( name, fn ) : this.trigger( name );
	};

	if ( jQuery.attrFn ) {
		jQuery.attrFn[ name ] = true;
	}
});

// Prevent memory leaks in IE
// Window isn't included so as not to unbind existing unload events
// More info:
//  - http://isaacschlueter.com/2006/10/msie-memory-leaks/
if ( window.attachEvent && !window.addEventListener ) {
	window.attachEvent("onunload", function() {
		for ( var id in jQuery.cache ) {
			if ( jQuery.cache[ id ].handle ) {
				// Try/Catch is to handle iframes being unloaded, see #4280
				try {
					jQuery.event.remove( jQuery.cache[ id ].handle.elem );
				} catch(e) {}
			}
		}
	});
}
/*!
 * Sizzle CSS Selector Engine - v1.0
 *  Copyright 2009, The Dojo Foundation
 *  Released under the MIT, BSD, and GPL Licenses.
 *  More information: http://sizzlejs.com/
 */
(function(){

var chunker = /((?:\((?:\([^()]+\)|[^()]+)+\)|\[(?:\[[^[\]]*\]|['"][^'"]*['"]|[^[\]'"]+)+\]|\\.|[^ >+~,(\[\\]+)+|[>+~])(\s*,\s*)?((?:.|\r|\n)*)/g,
	done = 0,
	toString = Object.prototype.toString,
	hasDuplicate = false,
	baseHasDuplicate = true;

// Here we check if the JavaScript engine is using some sort of
// optimization where it does not always call our comparision
// function. If that is the case, discard the hasDuplicate value.
//   Thus far that includes Google Chrome.
[0, 0].sort(function(){
	baseHasDuplicate = false;
	return 0;
});

var Sizzle = function(selector, context, results, seed) {
	results = results || [];
	var origContext = context = context || document;

	if ( context.nodeType !== 1 && context.nodeType !== 9 ) {
		return [];
	}
	
	if ( !selector || typeof selector !== "string" ) {
		return results;
	}

	var parts = [], m, set, checkSet, extra, prune = true, contextXML = isXML(context),
		soFar = selector;
	
	// Reset the position of the chunker regexp (start from head)
	while ( (chunker.exec(""), m = chunker.exec(soFar)) !== null ) {
		soFar = m[3];
		
		parts.push( m[1] );
		
		if ( m[2] ) {
			extra = m[3];
			break;
		}
	}

	if ( parts.length > 1 && origPOS.exec( selector ) ) {
		if ( parts.length === 2 && Expr.relative[ parts[0] ] ) {
			set = posProcess( parts[0] + parts[1], context );
		} else {
			set = Expr.relative[ parts[0] ] ?
				[ context ] :
				Sizzle( parts.shift(), context );

			while ( parts.length ) {
				selector = parts.shift();

				if ( Expr.relative[ selector ] ) {
					selector += parts.shift();
				}
				
				set = posProcess( selector, set );
			}
		}
	} else {
		// Take a shortcut and set the context if the root selector is an ID
		// (but not if it'll be faster if the inner selector is an ID)
		if ( !seed && parts.length > 1 && context.nodeType === 9 && !contextXML &&
				Expr.match.ID.test(parts[0]) && !Expr.match.ID.test(parts[parts.length - 1]) ) {
			var ret = Sizzle.find( parts.shift(), context, contextXML );
			context = ret.expr ? Sizzle.filter( ret.expr, ret.set )[0] : ret.set[0];
		}

		if ( context ) {
			var ret = seed ?
				{ expr: parts.pop(), set: makeArray(seed) } :
				Sizzle.find( parts.pop(), parts.length === 1 && (parts[0] === "~" || parts[0] === "+") && context.parentNode ? context.parentNode : context, contextXML );
			set = ret.expr ? Sizzle.filter( ret.expr, ret.set ) : ret.set;

			if ( parts.length > 0 ) {
				checkSet = makeArray(set);
			} else {
				prune = false;
			}

			while ( parts.length ) {
				var cur = parts.pop(), pop = cur;

				if ( !Expr.relative[ cur ] ) {
					cur = "";
				} else {
					pop = parts.pop();
				}

				if ( pop == null ) {
					pop = context;
				}

				Expr.relative[ cur ]( checkSet, pop, contextXML );
			}
		} else {
			checkSet = parts = [];
		}
	}

	if ( !checkSet ) {
		checkSet = set;
	}

	if ( !checkSet ) {
		Sizzle.error( cur || selector );
	}

	if ( toString.call(checkSet) === "[object Array]" ) {
		if ( !prune ) {
			results.push.apply( results, checkSet );
		} else if ( context && context.nodeType === 1 ) {
			for ( var i = 0; checkSet[i] != null; i++ ) {
				if ( checkSet[i] && (checkSet[i] === true || checkSet[i].nodeType === 1 && contains(context, checkSet[i])) ) {
					results.push( set[i] );
				}
			}
		} else {
			for ( var i = 0; checkSet[i] != null; i++ ) {
				if ( checkSet[i] && checkSet[i].nodeType === 1 ) {
					results.push( set[i] );
				}
			}
		}
	} else {
		makeArray( checkSet, results );
	}

	if ( extra ) {
		Sizzle( extra, origContext, results, seed );
		Sizzle.uniqueSort( results );
	}

	return results;
};

Sizzle.uniqueSort = function(results){
	if ( sortOrder ) {
		hasDuplicate = baseHasDuplicate;
		results.sort(sortOrder);

		if ( hasDuplicate ) {
			for ( var i = 1; i < results.length; i++ ) {
				if ( results[i] === results[i-1] ) {
					results.splice(i--, 1);
				}
			}
		}
	}

	return results;
};

Sizzle.matches = function(expr, set){
	return Sizzle(expr, null, null, set);
};

Sizzle.find = function(expr, context, isXML){
	var set, match;

	if ( !expr ) {
		return [];
	}

	for ( var i = 0, l = Expr.order.length; i < l; i++ ) {
		var type = Expr.order[i], match;
		
		if ( (match = Expr.leftMatch[ type ].exec( expr )) ) {
			var left = match[1];
			match.splice(1,1);

			if ( left.substr( left.length - 1 ) !== "\\" ) {
				match[1] = (match[1] || "").replace(/\\/g, "");
				set = Expr.find[ type ]( match, context, isXML );
				if ( set != null ) {
					expr = expr.replace( Expr.match[ type ], "" );
					break;
				}
			}
		}
	}

	if ( !set ) {
		set = context.getElementsByTagName("*");
	}

	return {set: set, expr: expr};
};

Sizzle.filter = function(expr, set, inplace, not){
	var old = expr, result = [], curLoop = set, match, anyFound,
		isXMLFilter = set && set[0] && isXML(set[0]);

	while ( expr && set.length ) {
		for ( var type in Expr.filter ) {
			if ( (match = Expr.leftMatch[ type ].exec( expr )) != null && match[2] ) {
				var filter = Expr.filter[ type ], found, item, left = match[1];
				anyFound = false;

				match.splice(1,1);

				if ( left.substr( left.length - 1 ) === "\\" ) {
					continue;
				}

				if ( curLoop === result ) {
					result = [];
				}

				if ( Expr.preFilter[ type ] ) {
					match = Expr.preFilter[ type ]( match, curLoop, inplace, result, not, isXMLFilter );

					if ( !match ) {
						anyFound = found = true;
					} else if ( match === true ) {
						continue;
					}
				}

				if ( match ) {
					for ( var i = 0; (item = curLoop[i]) != null; i++ ) {
						if ( item ) {
							found = filter( item, match, i, curLoop );
							var pass = not ^ !!found;

							if ( inplace && found != null ) {
								if ( pass ) {
									anyFound = true;
								} else {
									curLoop[i] = false;
								}
							} else if ( pass ) {
								result.push( item );
								anyFound = true;
							}
						}
					}
				}

				if ( found !== undefined ) {
					if ( !inplace ) {
						curLoop = result;
					}

					expr = expr.replace( Expr.match[ type ], "" );

					if ( !anyFound ) {
						return [];
					}

					break;
				}
			}
		}

		// Improper expression
		if ( expr === old ) {
			if ( anyFound == null ) {
				Sizzle.error( expr );
			} else {
				break;
			}
		}

		old = expr;
	}

	return curLoop;
};

Sizzle.error = function( msg ) {
	throw "Syntax error, unrecognized expression: " + msg;
};

var Expr = Sizzle.selectors = {
	order: [ "ID", "NAME", "TAG" ],
	match: {
		ID: /#((?:[\w\u00c0-\uFFFF-]|\\.)+)/,
		CLASS: /\.((?:[\w\u00c0-\uFFFF-]|\\.)+)/,
		NAME: /\[name=['"]*((?:[\w\u00c0-\uFFFF-]|\\.)+)['"]*\]/,
		ATTR: /\[\s*((?:[\w\u00c0-\uFFFF-]|\\.)+)\s*(?:(\S?=)\s*(['"]*)(.*?)\3|)\s*\]/,
		TAG: /^((?:[\w\u00c0-\uFFFF\*-]|\\.)+)/,
		CHILD: /:(only|nth|last|first)-child(?:\((even|odd|[\dn+-]*)\))?/,
		POS: /:(nth|eq|gt|lt|first|last|even|odd)(?:\((\d*)\))?(?=[^-]|$)/,
		PSEUDO: /:((?:[\w\u00c0-\uFFFF-]|\\.)+)(?:\((['"]?)((?:\([^\)]+\)|[^\(\)]*)+)\2\))?/
	},
	leftMatch: {},
	attrMap: {
		"class": "className",
		"for": "htmlFor"
	},
	attrHandle: {
		href: function(elem){
			return elem.getAttribute("href");
		}
	},
	relative: {
		"+": function(checkSet, part){
			var isPartStr = typeof part === "string",
				isTag = isPartStr && !/\W/.test(part),
				isPartStrNotTag = isPartStr && !isTag;

			if ( isTag ) {
				part = part.toLowerCase();
			}

			for ( var i = 0, l = checkSet.length, elem; i < l; i++ ) {
				if ( (elem = checkSet[i]) ) {
					while ( (elem = elem.previousSibling) && elem.nodeType !== 1 ) {}

					checkSet[i] = isPartStrNotTag || elem && elem.nodeName.toLowerCase() === part ?
						elem || false :
						elem === part;
				}
			}

			if ( isPartStrNotTag ) {
				Sizzle.filter( part, checkSet, true );
			}
		},
		">": function(checkSet, part){
			var isPartStr = typeof part === "string";

			if ( isPartStr && !/\W/.test(part) ) {
				part = part.toLowerCase();

				for ( var i = 0, l = checkSet.length; i < l; i++ ) {
					var elem = checkSet[i];
					if ( elem ) {
						var parent = elem.parentNode;
						checkSet[i] = parent.nodeName.toLowerCase() === part ? parent : false;
					}
				}
			} else {
				for ( var i = 0, l = checkSet.length; i < l; i++ ) {
					var elem = checkSet[i];
					if ( elem ) {
						checkSet[i] = isPartStr ?
							elem.parentNode :
							elem.parentNode === part;
					}
				}

				if ( isPartStr ) {
					Sizzle.filter( part, checkSet, true );
				}
			}
		},
		"": function(checkSet, part, isXML){
			var doneName = done++, checkFn = dirCheck;

			if ( typeof part === "string" && !/\W/.test(part) ) {
				var nodeCheck = part = part.toLowerCase();
				checkFn = dirNodeCheck;
			}

			checkFn("parentNode", part, doneName, checkSet, nodeCheck, isXML);
		},
		"~": function(checkSet, part, isXML){
			var doneName = done++, checkFn = dirCheck;

			if ( typeof part === "string" && !/\W/.test(part) ) {
				var nodeCheck = part = part.toLowerCase();
				checkFn = dirNodeCheck;
			}

			checkFn("previousSibling", part, doneName, checkSet, nodeCheck, isXML);
		}
	},
	find: {
		ID: function(match, context, isXML){
			if ( typeof context.getElementById !== "undefined" && !isXML ) {
				var m = context.getElementById(match[1]);
				return m ? [m] : [];
			}
		},
		NAME: function(match, context){
			if ( typeof context.getElementsByName !== "undefined" ) {
				var ret = [], results = context.getElementsByName(match[1]);

				for ( var i = 0, l = results.length; i < l; i++ ) {
					if ( results[i].getAttribute("name") === match[1] ) {
						ret.push( results[i] );
					}
				}

				return ret.length === 0 ? null : ret;
			}
		},
		TAG: function(match, context){
			return context.getElementsByTagName(match[1]);
		}
	},
	preFilter: {
		CLASS: function(match, curLoop, inplace, result, not, isXML){
			match = " " + match[1].replace(/\\/g, "") + " ";

			if ( isXML ) {
				return match;
			}

			for ( var i = 0, elem; (elem = curLoop[i]) != null; i++ ) {
				if ( elem ) {
					if ( not ^ (elem.className && (" " + elem.className + " ").replace(/[\t\n]/g, " ").indexOf(match) >= 0) ) {
						if ( !inplace ) {
							result.push( elem );
						}
					} else if ( inplace ) {
						curLoop[i] = false;
					}
				}
			}

			return false;
		},
		ID: function(match){
			return match[1].replace(/\\/g, "");
		},
		TAG: function(match, curLoop){
			return match[1].toLowerCase();
		},
		CHILD: function(match){
			if ( match[1] === "nth" ) {
				// parse equations like 'even', 'odd', '5', '2n', '3n+2', '4n-1', '-n+6'
				var test = /(-?)(\d*)n((?:\+|-)?\d*)/.exec(
					match[2] === "even" && "2n" || match[2] === "odd" && "2n+1" ||
					!/\D/.test( match[2] ) && "0n+" + match[2] || match[2]);

				// calculate the numbers (first)n+(last) including if they are negative
				match[2] = (test[1] + (test[2] || 1)) - 0;
				match[3] = test[3] - 0;
			}

			// TODO: Move to normal caching system
			match[0] = done++;

			return match;
		},
		ATTR: function(match, curLoop, inplace, result, not, isXML){
			var name = match[1].replace(/\\/g, "");
			
			if ( !isXML && Expr.attrMap[name] ) {
				match[1] = Expr.attrMap[name];
			}

			if ( match[2] === "~=" ) {
				match[4] = " " + match[4] + " ";
			}

			return match;
		},
		PSEUDO: function(match, curLoop, inplace, result, not){
			if ( match[1] === "not" ) {
				// If we're dealing with a complex expression, or a simple one
				if ( ( chunker.exec(match[3]) || "" ).length > 1 || /^\w/.test(match[3]) ) {
					match[3] = Sizzle(match[3], null, null, curLoop);
				} else {
					var ret = Sizzle.filter(match[3], curLoop, inplace, true ^ not);
					if ( !inplace ) {
						result.push.apply( result, ret );
					}
					return false;
				}
			} else if ( Expr.match.POS.test( match[0] ) || Expr.match.CHILD.test( match[0] ) ) {
				return true;
			}
			
			return match;
		},
		POS: function(match){
			match.unshift( true );
			return match;
		}
	},
	filters: {
		enabled: function(elem){
			return elem.disabled === false && elem.type !== "hidden";
		},
		disabled: function(elem){
			return elem.disabled === true;
		},
		checked: function(elem){
			return elem.checked === true;
		},
		selected: function(elem){
			// Accessing this property makes selected-by-default
			// options in Safari work properly
			elem.parentNode.selectedIndex;
			return elem.selected === true;
		},
		parent: function(elem){
			return !!elem.firstChild;
		},
		empty: function(elem){
			return !elem.firstChild;
		},
		has: function(elem, i, match){
			return !!Sizzle( match[3], elem ).length;
		},
		header: function(elem){
			return /h\d/i.test( elem.nodeName );
		},
		text: function(elem){
			return "text" === elem.type;
		},
		radio: function(elem){
			return "radio" === elem.type;
		},
		checkbox: function(elem){
			return "checkbox" === elem.type;
		},
		file: function(elem){
			return "file" === elem.type;
		},
		password: function(elem){
			return "password" === elem.type;
		},
		submit: function(elem){
			return "submit" === elem.type;
		},
		image: function(elem){
			return "image" === elem.type;
		},
		reset: function(elem){
			return "reset" === elem.type;
		},
		button: function(elem){
			return "button" === elem.type || elem.nodeName.toLowerCase() === "button";
		},
		input: function(elem){
			return /input|select|textarea|button/i.test(elem.nodeName);
		}
	},
	setFilters: {
		first: function(elem, i){
			return i === 0;
		},
		last: function(elem, i, match, array){
			return i === array.length - 1;
		},
		even: function(elem, i){
			return i % 2 === 0;
		},
		odd: function(elem, i){
			return i % 2 === 1;
		},
		lt: function(elem, i, match){
			return i < match[3] - 0;
		},
		gt: function(elem, i, match){
			return i > match[3] - 0;
		},
		nth: function(elem, i, match){
			return match[3] - 0 === i;
		},
		eq: function(elem, i, match){
			return match[3] - 0 === i;
		}
	},
	filter: {
		PSEUDO: function(elem, match, i, array){
			var name = match[1], filter = Expr.filters[ name ];

			if ( filter ) {
				return filter( elem, i, match, array );
			} else if ( name === "contains" ) {
				return (elem.textContent || elem.innerText || getText([ elem ]) || "").indexOf(match[3]) >= 0;
			} else if ( name === "not" ) {
				var not = match[3];

				for ( var i = 0, l = not.length; i < l; i++ ) {
					if ( not[i] === elem ) {
						return false;
					}
				}

				return true;
			} else {
				Sizzle.error( "Syntax error, unrecognized expression: " + name );
			}
		},
		CHILD: function(elem, match){
			var type = match[1], node = elem;
			switch (type) {
				case 'only':
				case 'first':
					while ( (node = node.previousSibling) )	 {
						if ( node.nodeType === 1 ) { 
							return false; 
						}
					}
					if ( type === "first" ) { 
						return true; 
					}
					node = elem;
				case 'last':
					while ( (node = node.nextSibling) )	 {
						if ( node.nodeType === 1 ) { 
							return false; 
						}
					}
					return true;
				case 'nth':
					var first = match[2], last = match[3];

					if ( first === 1 && last === 0 ) {
						return true;
					}
					
					var doneName = match[0],
						parent = elem.parentNode;
	
					if ( parent && (parent.sizcache !== doneName || !elem.nodeIndex) ) {
						var count = 0;
						for ( node = parent.firstChild; node; node = node.nextSibling ) {
							if ( node.nodeType === 1 ) {
								node.nodeIndex = ++count;
							}
						} 
						parent.sizcache = doneName;
					}
					
					var diff = elem.nodeIndex - last;
					if ( first === 0 ) {
						return diff === 0;
					} else {
						return ( diff % first === 0 && diff / first >= 0 );
					}
			}
		},
		ID: function(elem, match){
			return elem.nodeType === 1 && elem.getAttribute("id") === match;
		},
		TAG: function(elem, match){
			return (match === "*" && elem.nodeType === 1) || elem.nodeName.toLowerCase() === match;
		},
		CLASS: function(elem, match){
			return (" " + (elem.className || elem.getAttribute("class")) + " ")
				.indexOf( match ) > -1;
		},
		ATTR: function(elem, match){
			var name = match[1],
				result = Expr.attrHandle[ name ] ?
					Expr.attrHandle[ name ]( elem ) :
					elem[ name ] != null ?
						elem[ name ] :
						elem.getAttribute( name ),
				value = result + "",
				type = match[2],
				check = match[4];

			return result == null ?
				type === "!=" :
				type === "=" ?
				value === check :
				type === "*=" ?
				value.indexOf(check) >= 0 :
				type === "~=" ?
				(" " + value + " ").indexOf(check) >= 0 :
				!check ?
				value && result !== false :
				type === "!=" ?
				value !== check :
				type === "^=" ?
				value.indexOf(check) === 0 :
				type === "$=" ?
				value.substr(value.length - check.length) === check :
				type === "|=" ?
				value === check || value.substr(0, check.length + 1) === check + "-" :
				false;
		},
		POS: function(elem, match, i, array){
			var name = match[2], filter = Expr.setFilters[ name ];

			if ( filter ) {
				return filter( elem, i, match, array );
			}
		}
	}
};

var origPOS = Expr.match.POS;

for ( var type in Expr.match ) {
	Expr.match[ type ] = new RegExp( Expr.match[ type ].source + /(?![^\[]*\])(?![^\(]*\))/.source );
	Expr.leftMatch[ type ] = new RegExp( /(^(?:.|\r|\n)*?)/.source + Expr.match[ type ].source.replace(/\\(\d+)/g, function(all, num){
		return "\\" + (num - 0 + 1);
	}));
}

var makeArray = function(array, results) {
	array = Array.prototype.slice.call( array, 0 );

	if ( results ) {
		results.push.apply( results, array );
		return results;
	}
	
	return array;
};

// Perform a simple check to determine if the browser is capable of
// converting a NodeList to an array using builtin methods.
// Also verifies that the returned array holds DOM nodes
// (which is not the case in the Blackberry browser)
try {
	Array.prototype.slice.call( document.documentElement.childNodes, 0 )[0].nodeType;

// Provide a fallback method if it does not work
} catch(e){
	makeArray = function(array, results) {
		var ret = results || [];

		if ( toString.call(array) === "[object Array]" ) {
			Array.prototype.push.apply( ret, array );
		} else {
			if ( typeof array.length === "number" ) {
				for ( var i = 0, l = array.length; i < l; i++ ) {
					ret.push( array[i] );
				}
			} else {
				for ( var i = 0; array[i]; i++ ) {
					ret.push( array[i] );
				}
			}
		}

		return ret;
	};
}

var sortOrder;

if ( document.documentElement.compareDocumentPosition ) {
	sortOrder = function( a, b ) {
		if ( !a.compareDocumentPosition || !b.compareDocumentPosition ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.compareDocumentPosition ? -1 : 1;
		}

		var ret = a.compareDocumentPosition(b) & 4 ? -1 : a === b ? 0 : 1;
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
} else if ( "sourceIndex" in document.documentElement ) {
	sortOrder = function( a, b ) {
		if ( !a.sourceIndex || !b.sourceIndex ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.sourceIndex ? -1 : 1;
		}

		var ret = a.sourceIndex - b.sourceIndex;
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
} else if ( document.createRange ) {
	sortOrder = function( a, b ) {
		if ( !a.ownerDocument || !b.ownerDocument ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.ownerDocument ? -1 : 1;
		}

		var aRange = a.ownerDocument.createRange(), bRange = b.ownerDocument.createRange();
		aRange.setStart(a, 0);
		aRange.setEnd(a, 0);
		bRange.setStart(b, 0);
		bRange.setEnd(b, 0);
		var ret = aRange.compareBoundaryPoints(Range.START_TO_END, bRange);
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
}

// Utility function for retreiving the text value of an array of DOM nodes
function getText( elems ) {
	var ret = "", elem;

	for ( var i = 0; elems[i]; i++ ) {
		elem = elems[i];

		// Get the text from text nodes and CDATA nodes
		if ( elem.nodeType === 3 || elem.nodeType === 4 ) {
			ret += elem.nodeValue;

		// Traverse everything else, except comment nodes
		} else if ( elem.nodeType !== 8 ) {
			ret += getText( elem.childNodes );
		}
	}

	return ret;
}

// Check to see if the browser returns elements by name when
// querying by getElementById (and provide a workaround)
(function(){
	// We're going to inject a fake input element with a specified name
	var form = document.createElement("div"),
		id = "script" + (new Date).getTime();
	form.innerHTML = "<a name='" + id + "'/>";

	// Inject it into the root element, check its status, and remove it quickly
	var root = document.documentElement;
	root.insertBefore( form, root.firstChild );

	// The workaround has to do additional checks after a getElementById
	// Which slows things down for other browsers (hence the branching)
	if ( document.getElementById( id ) ) {
		Expr.find.ID = function(match, context, isXML){
			if ( typeof context.getElementById !== "undefined" && !isXML ) {
				var m = context.getElementById(match[1]);
				return m ? m.id === match[1] || typeof m.getAttributeNode !== "undefined" && m.getAttributeNode("id").nodeValue === match[1] ? [m] : undefined : [];
			}
		};

		Expr.filter.ID = function(elem, match){
			var node = typeof elem.getAttributeNode !== "undefined" && elem.getAttributeNode("id");
			return elem.nodeType === 1 && node && node.nodeValue === match;
		};
	}

	root.removeChild( form );
	root = form = null; // release memory in IE
})();

(function(){
	// Check to see if the browser returns only elements
	// when doing getElementsByTagName("*")

	// Create a fake element
	var div = document.createElement("div");
	div.appendChild( document.createComment("") );

	// Make sure no comments are found
	if ( div.getElementsByTagName("*").length > 0 ) {
		Expr.find.TAG = function(match, context){
			var results = context.getElementsByTagName(match[1]);

			// Filter out possible comments
			if ( match[1] === "*" ) {
				var tmp = [];

				for ( var i = 0; results[i]; i++ ) {
					if ( results[i].nodeType === 1 ) {
						tmp.push( results[i] );
					}
				}

				results = tmp;
			}

			return results;
		};
	}

	// Check to see if an attribute returns normalized href attributes
	div.innerHTML = "<a href='#'></a>";
	if ( div.firstChild && typeof div.firstChild.getAttribute !== "undefined" &&
			div.firstChild.getAttribute("href") !== "#" ) {
		Expr.attrHandle.href = function(elem){
			return elem.getAttribute("href", 2);
		};
	}

	div = null; // release memory in IE
})();

if ( document.querySelectorAll ) {
	(function(){
		var oldSizzle = Sizzle, div = document.createElement("div");
		div.innerHTML = "<p class='TEST'></p>";

		// Safari can't handle uppercase or unicode characters when
		// in quirks mode.
		if ( div.querySelectorAll && div.querySelectorAll(".TEST").length === 0 ) {
			return;
		}
	
		Sizzle = function(query, context, extra, seed){
			context = context || document;

			// Only use querySelectorAll on non-XML documents
			// (ID selectors don't work in non-HTML documents)
			if ( !seed && context.nodeType === 9 && !isXML(context) ) {
				try {
					return makeArray( context.querySelectorAll(query), extra );
				} catch(e){}
			}
		
			return oldSizzle(query, context, extra, seed);
		};

		for ( var prop in oldSizzle ) {
			Sizzle[ prop ] = oldSizzle[ prop ];
		}

		div = null; // release memory in IE
	})();
}

(function(){
	var div = document.createElement("div");

	div.innerHTML = "<div class='test e'></div><div class='test'></div>";

	// Opera can't find a second classname (in 9.6)
	// Also, make sure that getElementsByClassName actually exists
	if ( !div.getElementsByClassName || div.getElementsByClassName("e").length === 0 ) {
		return;
	}

	// Safari caches class attributes, doesn't catch changes (in 3.2)
	div.lastChild.className = "e";

	if ( div.getElementsByClassName("e").length === 1 ) {
		return;
	}
	
	Expr.order.splice(1, 0, "CLASS");
	Expr.find.CLASS = function(match, context, isXML) {
		if ( typeof context.getElementsByClassName !== "undefined" && !isXML ) {
			return context.getElementsByClassName(match[1]);
		}
	};

	div = null; // release memory in IE
})();

function dirNodeCheck( dir, cur, doneName, checkSet, nodeCheck, isXML ) {
	for ( var i = 0, l = checkSet.length; i < l; i++ ) {
		var elem = checkSet[i];
		if ( elem ) {
			elem = elem[dir];
			var match = false;

			while ( elem ) {
				if ( elem.sizcache === doneName ) {
					match = checkSet[elem.sizset];
					break;
				}

				if ( elem.nodeType === 1 && !isXML ){
					elem.sizcache = doneName;
					elem.sizset = i;
				}

				if ( elem.nodeName.toLowerCase() === cur ) {
					match = elem;
					break;
				}

				elem = elem[dir];
			}

			checkSet[i] = match;
		}
	}
}

function dirCheck( dir, cur, doneName, checkSet, nodeCheck, isXML ) {
	for ( var i = 0, l = checkSet.length; i < l; i++ ) {
		var elem = checkSet[i];
		if ( elem ) {
			elem = elem[dir];
			var match = false;

			while ( elem ) {
				if ( elem.sizcache === doneName ) {
					match = checkSet[elem.sizset];
					break;
				}

				if ( elem.nodeType === 1 ) {
					if ( !isXML ) {
						elem.sizcache = doneName;
						elem.sizset = i;
					}
					if ( typeof cur !== "string" ) {
						if ( elem === cur ) {
							match = true;
							break;
						}

					} else if ( Sizzle.filter( cur, [elem] ).length > 0 ) {
						match = elem;
						break;
					}
				}

				elem = elem[dir];
			}

			checkSet[i] = match;
		}
	}
}

var contains = document.compareDocumentPosition ? function(a, b){
	return !!(a.compareDocumentPosition(b) & 16);
} : function(a, b){
	return a !== b && (a.contains ? a.contains(b) : true);
};

var isXML = function(elem){
	// documentElement is verified for cases where it doesn't yet exist
	// (such as loading iframes in IE - #4833) 
	var documentElement = (elem ? elem.ownerDocument || elem : 0).documentElement;
	return documentElement ? documentElement.nodeName !== "HTML" : false;
};

var posProcess = function(selector, context){
	var tmpSet = [], later = "", match,
		root = context.nodeType ? [context] : context;

	// Position selectors must be done after the filter
	// And so must :not(positional) so we move all PSEUDOs to the end
	while ( (match = Expr.match.PSEUDO.exec( selector )) ) {
		later += match[0];
		selector = selector.replace( Expr.match.PSEUDO, "" );
	}

	selector = Expr.relative[selector] ? selector + "*" : selector;

	for ( var i = 0, l = root.length; i < l; i++ ) {
		Sizzle( selector, root[i], tmpSet );
	}

	return Sizzle.filter( later, tmpSet );
};

// EXPOSE
jQuery.find = Sizzle;
jQuery.expr = Sizzle.selectors;
jQuery.expr[":"] = jQuery.expr.filters;
jQuery.unique = Sizzle.uniqueSort;
jQuery.text = getText;
jQuery.isXMLDoc = isXML;
jQuery.contains = contains;

return;

window.Sizzle = Sizzle;

})();
var runtil = /Until$/,
	rparentsprev = /^(?:parents|prevUntil|prevAll)/,
	// Note: This RegExp should be improved, or likely pulled from Sizzle
	rmultiselector = /,/,
	slice = Array.prototype.slice;

// Implement the identical functionality for filter and not
var winnow = function( elements, qualifier, keep ) {
	if ( jQuery.isFunction( qualifier ) ) {
		return jQuery.grep(elements, function( elem, i ) {
			return !!qualifier.call( elem, i, elem ) === keep;
		});

	} else if ( qualifier.nodeType ) {
		return jQuery.grep(elements, function( elem, i ) {
			return (elem === qualifier) === keep;
		});

	} else if ( typeof qualifier === "string" ) {
		var filtered = jQuery.grep(elements, function( elem ) {
			return elem.nodeType === 1;
		});

		if ( isSimple.test( qualifier ) ) {
			return jQuery.filter(qualifier, filtered, !keep);
		} else {
			qualifier = jQuery.filter( qualifier, filtered );
		}
	}

	return jQuery.grep(elements, function( elem, i ) {
		return (jQuery.inArray( elem, qualifier ) >= 0) === keep;
	});
};

jQuery.fn.extend({
	find: function( selector ) {
		var ret = this.pushStack( "", "find", selector ), length = 0;

		for ( var i = 0, l = this.length; i < l; i++ ) {
			length = ret.length;
			jQuery.find( selector, this[i], ret );

			if ( i > 0 ) {
				// Make sure that the results are unique
				for ( var n = length; n < ret.length; n++ ) {
					for ( var r = 0; r < length; r++ ) {
						if ( ret[r] === ret[n] ) {
							ret.splice(n--, 1);
							break;
						}
					}
				}
			}
		}

		return ret;
	},

	has: function( target ) {
		var targets = jQuery( target );
		return this.filter(function() {
			for ( var i = 0, l = targets.length; i < l; i++ ) {
				if ( jQuery.contains( this, targets[i] ) ) {
					return true;
				}
			}
		});
	},

	not: function( selector ) {
		return this.pushStack( winnow(this, selector, false), "not", selector);
	},

	filter: function( selector ) {
		return this.pushStack( winnow(this, selector, true), "filter", selector );
	},
	
	is: function( selector ) {
		return !!selector && jQuery.filter( selector, this ).length > 0;
	},

	closest: function( selectors, context ) {
		if ( jQuery.isArray( selectors ) ) {
			var ret = [], cur = this[0], match, matches = {}, selector;

			if ( cur && selectors.length ) {
				for ( var i = 0, l = selectors.length; i < l; i++ ) {
					selector = selectors[i];

					if ( !matches[selector] ) {
						matches[selector] = jQuery.expr.match.POS.test( selector ) ? 
							jQuery( selector, context || this.context ) :
							selector;
					}
				}

				while ( cur && cur.ownerDocument && cur !== context ) {
					for ( selector in matches ) {
						match = matches[selector];

						if ( match.jquery ? match.index(cur) > -1 : jQuery(cur).is(match) ) {
							ret.push({ selector: selector, elem: cur });
							delete matches[selector];
						}
					}
					cur = cur.parentNode;
				}
			}

			return ret;
		}

		var pos = jQuery.expr.match.POS.test( selectors ) ? 
			jQuery( selectors, context || this.context ) : null;

		return this.map(function( i, cur ) {
			while ( cur && cur.ownerDocument && cur !== context ) {
				if ( pos ? pos.index(cur) > -1 : jQuery(cur).is(selectors) ) {
					return cur;
				}
				cur = cur.parentNode;
			}
			return null;
		});
	},
	
	// Determine the position of an element within
	// the matched set of elements
	index: function( elem ) {
		if ( !elem || typeof elem === "string" ) {
			return jQuery.inArray( this[0],
				// If it receives a string, the selector is used
				// If it receives nothing, the siblings are used
				elem ? jQuery( elem ) : this.parent().children() );
		}
		// Locate the position of the desired element
		return jQuery.inArray(
			// If it receives a jQuery object, the first element is used
			elem.jquery ? elem[0] : elem, this );
	},

	add: function( selector, context ) {
		var set = typeof selector === "string" ?
				jQuery( selector, context || this.context ) :
				jQuery.makeArray( selector ),
			all = jQuery.merge( this.get(), set );

		return this.pushStack( isDisconnected( set[0] ) || isDisconnected( all[0] ) ?
			all :
			jQuery.unique( all ) );
	},

	andSelf: function() {
		return this.add( this.prevObject );
	}
});

// A painfully simple check to see if an element is disconnected
// from a document (should be improved, where feasible).
function isDisconnected( node ) {
	return !node || !node.parentNode || node.parentNode.nodeType === 11;
}

jQuery.each({
	parent: function( elem ) {
		var parent = elem.parentNode;
		return parent && parent.nodeType !== 11 ? parent : null;
	},
	parents: function( elem ) {
		return jQuery.dir( elem, "parentNode" );
	},
	parentsUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "parentNode", until );
	},
	next: function( elem ) {
		return jQuery.nth( elem, 2, "nextSibling" );
	},
	prev: function( elem ) {
		return jQuery.nth( elem, 2, "previousSibling" );
	},
	nextAll: function( elem ) {
		return jQuery.dir( elem, "nextSibling" );
	},
	prevAll: function( elem ) {
		return jQuery.dir( elem, "previousSibling" );
	},
	nextUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "nextSibling", until );
	},
	prevUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "previousSibling", until );
	},
	siblings: function( elem ) {
		return jQuery.sibling( elem.parentNode.firstChild, elem );
	},
	children: function( elem ) {
		return jQuery.sibling( elem.firstChild );
	},
	contents: function( elem ) {
		return jQuery.nodeName( elem, "iframe" ) ?
			elem.contentDocument || elem.contentWindow.document :
			jQuery.makeArray( elem.childNodes );
	}
}, function( name, fn ) {
	jQuery.fn[ name ] = function( until, selector ) {
		var ret = jQuery.map( this, fn, until );
		
		if ( !runtil.test( name ) ) {
			selector = until;
		}

		if ( selector && typeof selector === "string" ) {
			ret = jQuery.filter( selector, ret );
		}

		ret = this.length > 1 ? jQuery.unique( ret ) : ret;

		if ( (this.length > 1 || rmultiselector.test( selector )) && rparentsprev.test( name ) ) {
			ret = ret.reverse();
		}

		return this.pushStack( ret, name, slice.call(arguments).join(",") );
	};
});

jQuery.extend({
	filter: function( expr, elems, not ) {
		if ( not ) {
			expr = ":not(" + expr + ")";
		}

		return jQuery.find.matches(expr, elems);
	},
	
	dir: function( elem, dir, until ) {
		var matched = [], cur = elem[dir];
		while ( cur && cur.nodeType !== 9 && (until === undefined || cur.nodeType !== 1 || !jQuery( cur ).is( until )) ) {
			if ( cur.nodeType === 1 ) {
				matched.push( cur );
			}
			cur = cur[dir];
		}
		return matched;
	},

	nth: function( cur, result, dir, elem ) {
		result = result || 1;
		var num = 0;

		for ( ; cur; cur = cur[dir] ) {
			if ( cur.nodeType === 1 && ++num === result ) {
				break;
			}
		}

		return cur;
	},

	sibling: function( n, elem ) {
		var r = [];

		for ( ; n; n = n.nextSibling ) {
			if ( n.nodeType === 1 && n !== elem ) {
				r.push( n );
			}
		}

		return r;
	}
});
var rinlinejQuery = / jQuery\d+="(?:\d+|null)"/g,
	rleadingWhitespace = /^\s+/,
	rxhtmlTag = /(<([\w:]+)[^>]*?)\/>/g,
	rselfClosing = /^(?:area|br|col|embed|hr|img|input|link|meta|param)$/i,
	rtagName = /<([\w:]+)/,
	rtbody = /<tbody/i,
	rhtml = /<|&#?\w+;/,
	rnocache = /<script|<object|<embed|<option|<style/i,
	rchecked = /checked\s*(?:[^=]|=\s*.checked.)/i,  // checked="checked" or checked (html5)
	fcloseTag = function( all, front, tag ) {
		return rselfClosing.test( tag ) ?
			all :
			front + "></" + tag + ">";
	},
	wrapMap = {
		option: [ 1, "<select multiple='multiple'>", "</select>" ],
		legend: [ 1, "<fieldset>", "</fieldset>" ],
		thead: [ 1, "<table>", "</table>" ],
		tr: [ 2, "<table><tbody>", "</tbody></table>" ],
		td: [ 3, "<table><tbody><tr>", "</tr></tbody></table>" ],
		col: [ 2, "<table><tbody></tbody><colgroup>", "</colgroup></table>" ],
		area: [ 1, "<map>", "</map>" ],
		_default: [ 0, "", "" ]
	};

wrapMap.optgroup = wrapMap.option;
wrapMap.tbody = wrapMap.tfoot = wrapMap.colgroup = wrapMap.caption = wrapMap.thead;
wrapMap.th = wrapMap.td;

// IE can't serialize <link> and <script> tags normally
if ( !jQuery.support.htmlSerialize ) {
	wrapMap._default = [ 1, "div<div>", "</div>" ];
}

jQuery.fn.extend({
	text: function( text ) {
		if ( jQuery.isFunction(text) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.text( text.call(this, i, self.text()) );
			});
		}

		if ( typeof text !== "object" && text !== undefined ) {
			return this.empty().append( (this[0] && this[0].ownerDocument || document).createTextNode( text ) );
		}

		return jQuery.text( this );
	},

	wrapAll: function( html ) {
		if ( jQuery.isFunction( html ) ) {
			return this.each(function(i) {
				jQuery(this).wrapAll( html.call(this, i) );
			});
		}

		if ( this[0] ) {
			// The elements to wrap the target around
			var wrap = jQuery( html, this[0].ownerDocument ).eq(0).clone(true);

			if ( this[0].parentNode ) {
				wrap.insertBefore( this[0] );
			}

			wrap.map(function() {
				var elem = this;

				while ( elem.firstChild && elem.firstChild.nodeType === 1 ) {
					elem = elem.firstChild;
				}

				return elem;
			}).append(this);
		}

		return this;
	},

	wrapInner: function( html ) {
		if ( jQuery.isFunction( html ) ) {
			return this.each(function(i) {
				jQuery(this).wrapInner( html.call(this, i) );
			});
		}

		return this.each(function() {
			var self = jQuery( this ), contents = self.contents();

			if ( contents.length ) {
				contents.wrapAll( html );

			} else {
				self.append( html );
			}
		});
	},

	wrap: function( html ) {
		return this.each(function() {
			jQuery( this ).wrapAll( html );
		});
	},

	unwrap: function() {
		return this.parent().each(function() {
			if ( !jQuery.nodeName( this, "body" ) ) {
				jQuery( this ).replaceWith( this.childNodes );
			}
		}).end();
	},

	append: function() {
		return this.domManip(arguments, true, function( elem ) {
			if ( this.nodeType === 1 ) {
				this.appendChild( elem );
			}
		});
	},

	prepend: function() {
		return this.domManip(arguments, true, function( elem ) {
			if ( this.nodeType === 1 ) {
				this.insertBefore( elem, this.firstChild );
			}
		});
	},

	before: function() {
		if ( this[0] && this[0].parentNode ) {
			return this.domManip(arguments, false, function( elem ) {
				this.parentNode.insertBefore( elem, this );
			});
		} else if ( arguments.length ) {
			var set = jQuery(arguments[0]);
			set.push.apply( set, this.toArray() );
			return this.pushStack( set, "before", arguments );
		}
	},

	after: function() {
		if ( this[0] && this[0].parentNode ) {
			return this.domManip(arguments, false, function( elem ) {
				this.parentNode.insertBefore( elem, this.nextSibling );
			});
		} else if ( arguments.length ) {
			var set = this.pushStack( this, "after", arguments );
			set.push.apply( set, jQuery(arguments[0]).toArray() );
			return set;
		}
	},
	
	// keepData is for internal use only--do not document
	remove: function( selector, keepData ) {
		for ( var i = 0, elem; (elem = this[i]) != null; i++ ) {
			if ( !selector || jQuery.filter( selector, [ elem ] ).length ) {
				if ( !keepData && elem.nodeType === 1 ) {
					jQuery.cleanData( elem.getElementsByTagName("*") );
					jQuery.cleanData( [ elem ] );
				}

				if ( elem.parentNode ) {
					 elem.parentNode.removeChild( elem );
				}
			}
		}
		
		return this;
	},

	empty: function() {
		for ( var i = 0, elem; (elem = this[i]) != null; i++ ) {
			// Remove element nodes and prevent memory leaks
			if ( elem.nodeType === 1 ) {
				jQuery.cleanData( elem.getElementsByTagName("*") );
			}

			// Remove any remaining nodes
			while ( elem.firstChild ) {
				elem.removeChild( elem.firstChild );
			}
		}
		
		return this;
	},

	clone: function( events ) {
		// Do the clone
		var ret = this.map(function() {
			if ( !jQuery.support.noCloneEvent && !jQuery.isXMLDoc(this) ) {
				// IE copies events bound via attachEvent when
				// using cloneNode. Calling detachEvent on the
				// clone will also remove the events from the orignal
				// In order to get around this, we use innerHTML.
				// Unfortunately, this means some modifications to
				// attributes in IE that are actually only stored
				// as properties will not be copied (such as the
				// the name attribute on an input).
				var html = this.outerHTML, ownerDocument = this.ownerDocument;
				if ( !html ) {
					var div = ownerDocument.createElement("div");
					div.appendChild( this.cloneNode(true) );
					html = div.innerHTML;
				}

				return jQuery.clean([html.replace(rinlinejQuery, "")
					// Handle the case in IE 8 where action=/test/> self-closes a tag
					.replace(/=([^="'>\s]+\/)>/g, '="$1">')
					.replace(rleadingWhitespace, "")], ownerDocument)[0];
			} else {
				return this.cloneNode(true);
			}
		});

		// Copy the events from the original to the clone
		if ( events === true ) {
			cloneCopyEvent( this, ret );
			cloneCopyEvent( this.find("*"), ret.find("*") );
		}

		// Return the cloned set
		return ret;
	},

	html: function( value ) {
		if ( value === undefined ) {
			return this[0] && this[0].nodeType === 1 ?
				this[0].innerHTML.replace(rinlinejQuery, "") :
				null;

		// See if we can take a shortcut and just use innerHTML
		} else if ( typeof value === "string" && !rnocache.test( value ) &&
			(jQuery.support.leadingWhitespace || !rleadingWhitespace.test( value )) &&
			!wrapMap[ (rtagName.exec( value ) || ["", ""])[1].toLowerCase() ] ) {

			value = value.replace(rxhtmlTag, fcloseTag);

			try {
				for ( var i = 0, l = this.length; i < l; i++ ) {
					// Remove element nodes and prevent memory leaks
					if ( this[i].nodeType === 1 ) {
						jQuery.cleanData( this[i].getElementsByTagName("*") );
						this[i].innerHTML = value;
					}
				}

			// If using innerHTML throws an exception, use the fallback method
			} catch(e) {
				this.empty().append( value );
			}

		} else if ( jQuery.isFunction( value ) ) {
			this.each(function(i){
				var self = jQuery(this), old = self.html();
				self.empty().append(function(){
					return value.call( this, i, old );
				});
			});

		} else {
			this.empty().append( value );
		}

		return this;
	},

	replaceWith: function( value ) {
		if ( this[0] && this[0].parentNode ) {
			// Make sure that the elements are removed from the DOM before they are inserted
			// this can help fix replacing a parent with child elements
			if ( jQuery.isFunction( value ) ) {
				return this.each(function(i) {
					var self = jQuery(this), old = self.html();
					self.replaceWith( value.call( this, i, old ) );
				});
			}

			if ( typeof value !== "string" ) {
				value = jQuery(value).detach();
			}

			return this.each(function() {
				var next = this.nextSibling, parent = this.parentNode;

				jQuery(this).remove();

				if ( next ) {
					jQuery(next).before( value );
				} else {
					jQuery(parent).append( value );
				}
			});
		} else {
			return this.pushStack( jQuery(jQuery.isFunction(value) ? value() : value), "replaceWith", value );
		}
	},

	detach: function( selector ) {
		return this.remove( selector, true );
	},

	domManip: function( args, table, callback ) {
		var results, first, value = args[0], scripts = [], fragment, parent;

		// We can't cloneNode fragments that contain checked, in WebKit
		if ( !jQuery.support.checkClone && arguments.length === 3 && typeof value === "string" && rchecked.test( value ) ) {
			return this.each(function() {
				jQuery(this).domManip( args, table, callback, true );
			});
		}

		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				args[0] = value.call(this, i, table ? self.html() : undefined);
				self.domManip( args, table, callback );
			});
		}

		if ( this[0] ) {
			parent = value && value.parentNode;

			// If we're in a fragment, just use that instead of building a new one
			if ( jQuery.support.parentNode && parent && parent.nodeType === 11 && parent.childNodes.length === this.length ) {
				results = { fragment: parent };

			} else {
				results = buildFragment( args, this, scripts );
			}
			
			fragment = results.fragment;
			
			if ( fragment.childNodes.length === 1 ) {
				first = fragment = fragment.firstChild;
			} else {
				first = fragment.firstChild;
			}

			if ( first ) {
				table = table && jQuery.nodeName( first, "tr" );

				for ( var i = 0, l = this.length; i < l; i++ ) {
					callback.call(
						table ?
							root(this[i], first) :
							this[i],
						i > 0 || results.cacheable || this.length > 1  ?
							fragment.cloneNode(true) :
							fragment
					);
				}
			}

			if ( scripts.length ) {
				jQuery.each( scripts, evalScript );
			}
		}

		return this;

		function root( elem, cur ) {
			return jQuery.nodeName(elem, "table") ?
				(elem.getElementsByTagName("tbody")[0] ||
				elem.appendChild(elem.ownerDocument.createElement("tbody"))) :
				elem;
		}
	}
});

function cloneCopyEvent(orig, ret) {
	var i = 0;

	ret.each(function() {
		if ( this.nodeName !== (orig[i] && orig[i].nodeName) ) {
			return;
		}

		var oldData = jQuery.data( orig[i++] ), curData = jQuery.data( this, oldData ), events = oldData && oldData.events;

		if ( events ) {
			delete curData.handle;
			curData.events = {};

			for ( var type in events ) {
				for ( var handler in events[ type ] ) {
					jQuery.event.add( this, type, events[ type ][ handler ], events[ type ][ handler ].data );
				}
			}
		}
	});
}

function buildFragment( args, nodes, scripts ) {
	var fragment, cacheable, cacheresults,
		doc = (nodes && nodes[0] ? nodes[0].ownerDocument || nodes[0] : document);

	// Only cache "small" (1/2 KB) strings that are associated with the main document
	// Cloning options loses the selected state, so don't cache them
	// IE 6 doesn't like it when you put <object> or <embed> elements in a fragment
	// Also, WebKit does not clone 'checked' attributes on cloneNode, so don't cache
	if ( args.length === 1 && typeof args[0] === "string" && args[0].length < 512 && doc === document &&
		!rnocache.test( args[0] ) && (jQuery.support.checkClone || !rchecked.test( args[0] )) ) {

		cacheable = true;
		cacheresults = jQuery.fragments[ args[0] ];
		if ( cacheresults ) {
			if ( cacheresults !== 1 ) {
				fragment = cacheresults;
			}
		}
	}

	if ( !fragment ) {
		fragment = doc.createDocumentFragment();
		jQuery.clean( args, doc, fragment, scripts );
	}

	if ( cacheable ) {
		jQuery.fragments[ args[0] ] = cacheresults ? fragment : 1;
	}

	return { fragment: fragment, cacheable: cacheable };
}

jQuery.fragments = {};

jQuery.each({
	appendTo: "append",
	prependTo: "prepend",
	insertBefore: "before",
	insertAfter: "after",
	replaceAll: "replaceWith"
}, function( name, original ) {
	jQuery.fn[ name ] = function( selector ) {
		var ret = [], insert = jQuery( selector ),
			parent = this.length === 1 && this[0].parentNode;
		
		if ( parent && parent.nodeType === 11 && parent.childNodes.length === 1 && insert.length === 1 ) {
			insert[ original ]( this[0] );
			return this;
			
		} else {
			for ( var i = 0, l = insert.length; i < l; i++ ) {
				var elems = (i > 0 ? this.clone(true) : this).get();
				jQuery.fn[ original ].apply( jQuery(insert[i]), elems );
				ret = ret.concat( elems );
			}
		
			return this.pushStack( ret, name, insert.selector );
		}
	};
});

jQuery.extend({
	clean: function( elems, context, fragment, scripts ) {
		context = context || document;

		// !context.createElement fails in IE with an error but returns typeof 'object'
		if ( typeof context.createElement === "undefined" ) {
			context = context.ownerDocument || context[0] && context[0].ownerDocument || document;
		}

		var ret = [];

		for ( var i = 0, elem; (elem = elems[i]) != null; i++ ) {
			if ( typeof elem === "number" ) {
				elem += "";
			}

			if ( !elem ) {
				continue;
			}

			// Convert html string into DOM nodes
			if ( typeof elem === "string" && !rhtml.test( elem ) ) {
				elem = context.createTextNode( elem );

			} else if ( typeof elem === "string" ) {
				// Fix "XHTML"-style tags in all browsers
				elem = elem.replace(rxhtmlTag, fcloseTag);

				// Trim whitespace, otherwise indexOf won't work as expected
				var tag = (rtagName.exec( elem ) || ["", ""])[1].toLowerCase(),
					wrap = wrapMap[ tag ] || wrapMap._default,
					depth = wrap[0],
					div = context.createElement("div");

				// Go to html and back, then peel off extra wrappers
				div.innerHTML = wrap[1] + elem + wrap[2];

				// Move to the right depth
				while ( depth-- ) {
					div = div.lastChild;
				}

				// Remove IE's autoinserted <tbody> from table fragments
				if ( !jQuery.support.tbody ) {

					// String was a <table>, *may* have spurious <tbody>
					var hasBody = rtbody.test(elem),
						tbody = tag === "table" && !hasBody ?
							div.firstChild && div.firstChild.childNodes :

							// String was a bare <thead> or <tfoot>
							wrap[1] === "<table>" && !hasBody ?
								div.childNodes :
								[];

					for ( var j = tbody.length - 1; j >= 0 ; --j ) {
						if ( jQuery.nodeName( tbody[ j ], "tbody" ) && !tbody[ j ].childNodes.length ) {
							tbody[ j ].parentNode.removeChild( tbody[ j ] );
						}
					}

				}

				// IE completely kills leading whitespace when innerHTML is used
				if ( !jQuery.support.leadingWhitespace && rleadingWhitespace.test( elem ) ) {
					div.insertBefore( context.createTextNode( rleadingWhitespace.exec(elem)[0] ), div.firstChild );
				}

				elem = div.childNodes;
			}

			if ( elem.nodeType ) {
				ret.push( elem );
			} else {
				ret = jQuery.merge( ret, elem );
			}
		}

		if ( fragment ) {
			for ( var i = 0; ret[i]; i++ ) {
				if ( scripts && jQuery.nodeName( ret[i], "script" ) && (!ret[i].type || ret[i].type.toLowerCase() === "text/javascript") ) {
					scripts.push( ret[i].parentNode ? ret[i].parentNode.removeChild( ret[i] ) : ret[i] );
				
				} else {
					if ( ret[i].nodeType === 1 ) {
						ret.splice.apply( ret, [i + 1, 0].concat(jQuery.makeArray(ret[i].getElementsByTagName("script"))) );
					}
					fragment.appendChild( ret[i] );
				}
			}
		}

		return ret;
	},
	
	cleanData: function( elems ) {
		var data, id, cache = jQuery.cache,
			special = jQuery.event.special,
			deleteExpando = jQuery.support.deleteExpando;
		
		for ( var i = 0, elem; (elem = elems[i]) != null; i++ ) {
			id = elem[ jQuery.expando ];
			
			if ( id ) {
				data = cache[ id ];
				
				if ( data.events ) {
					for ( var type in data.events ) {
						if ( special[ type ] ) {
							jQuery.event.remove( elem, type );

						} else {
							removeEvent( elem, type, data.handle );
						}
					}
				}
				
				if ( deleteExpando ) {
					delete elem[ jQuery.expando ];

				} else if ( elem.removeAttribute ) {
					elem.removeAttribute( jQuery.expando );
				}
				
				delete cache[ id ];
			}
		}
	}
});
// exclude the following css properties to add px
var rexclude = /z-?index|font-?weight|opacity|zoom|line-?height/i,
	ralpha = /alpha\([^)]*\)/,
	ropacity = /opacity=([^)]*)/,
	rfloat = /float/i,
	rdashAlpha = /-([a-z])/ig,
	rupper = /([A-Z])/g,
	rnumpx = /^-?\d+(?:px)?$/i,
	rnum = /^-?\d/,

	cssShow = { position: "absolute", visibility: "hidden", display:"block" },
	cssWidth = [ "Left", "Right" ],
	cssHeight = [ "Top", "Bottom" ],

	// cache check for defaultView.getComputedStyle
	getComputedStyle = document.defaultView && document.defaultView.getComputedStyle,
	// normalize float css property
	styleFloat = jQuery.support.cssFloat ? "cssFloat" : "styleFloat",
	fcamelCase = function( all, letter ) {
		return letter.toUpperCase();
	};

jQuery.fn.css = function( name, value ) {
	return access( this, name, value, true, function( elem, name, value ) {
		if ( value === undefined ) {
			return jQuery.curCSS( elem, name );
		}
		
		if ( typeof value === "number" && !rexclude.test(name) ) {
			value += "px";
		}

		jQuery.style( elem, name, value );
	});
};

jQuery.extend({
	style: function( elem, name, value ) {
		// don't set styles on text and comment nodes
		if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
			return undefined;
		}

		// ignore negative width and height values #1599
		if ( (name === "width" || name === "height") && parseFloat(value) < 0 ) {
			value = undefined;
		}

		var style = elem.style || elem, set = value !== undefined;

		// IE uses filters for opacity
		if ( !jQuery.support.opacity && name === "opacity" ) {
			if ( set ) {
				// IE has trouble with opacity if it does not have layout
				// Force it by setting the zoom level
				style.zoom = 1;

				// Set the alpha filter to set the opacity
				var opacity = parseInt( value, 10 ) + "" === "NaN" ? "" : "alpha(opacity=" + value * 100 + ")";
				var filter = style.filter || jQuery.curCSS( elem, "filter" ) || "";
				style.filter = ralpha.test(filter) ? filter.replace(ralpha, opacity) : opacity;
			}

			return style.filter && style.filter.indexOf("opacity=") >= 0 ?
				(parseFloat( ropacity.exec(style.filter)[1] ) / 100) + "":
				"";
		}

		// Make sure we're using the right name for getting the float value
		if ( rfloat.test( name ) ) {
			name = styleFloat;
		}

		name = name.replace(rdashAlpha, fcamelCase);

		if ( set ) {
			style[ name ] = value;
		}

		return style[ name ];
	},

	css: function( elem, name, force, extra ) {
		if ( name === "width" || name === "height" ) {
			var val, props = cssShow, which = name === "width" ? cssWidth : cssHeight;

			function getWH() {
				val = name === "width" ? elem.offsetWidth : elem.offsetHeight;

				if ( extra === "border" ) {
					return;
				}

				jQuery.each( which, function() {
					if ( !extra ) {
						val -= parseFloat(jQuery.curCSS( elem, "padding" + this, true)) || 0;
					}

					if ( extra === "margin" ) {
						val += parseFloat(jQuery.curCSS( elem, "margin" + this, true)) || 0;
					} else {
						val -= parseFloat(jQuery.curCSS( elem, "border" + this + "Width", true)) || 0;
					}
				});
			}

			if ( elem.offsetWidth !== 0 ) {
				getWH();
			} else {
				jQuery.swap( elem, props, getWH );
			}

			return Math.max(0, Math.round(val));
		}

		return jQuery.curCSS( elem, name, force );
	},

	curCSS: function( elem, name, force ) {
		var ret, style = elem.style, filter;

		// IE uses filters for opacity
		if ( !jQuery.support.opacity && name === "opacity" && elem.currentStyle ) {
			ret = ropacity.test(elem.currentStyle.filter || "") ?
				(parseFloat(RegExp.$1) / 100) + "" :
				"";

			return ret === "" ?
				"1" :
				ret;
		}

		// Make sure we're using the right name for getting the float value
		if ( rfloat.test( name ) ) {
			name = styleFloat;
		}

		if ( !force && style && style[ name ] ) {
			ret = style[ name ];

		} else if ( getComputedStyle ) {

			// Only "float" is needed here
			if ( rfloat.test( name ) ) {
				name = "float";
			}

			name = name.replace( rupper, "-$1" ).toLowerCase();

			var defaultView = elem.ownerDocument.defaultView;

			if ( !defaultView ) {
				return null;
			}

			var computedStyle = defaultView.getComputedStyle( elem, null );

			if ( computedStyle ) {
				ret = computedStyle.getPropertyValue( name );
			}

			// We should always get a number back from opacity
			if ( name === "opacity" && ret === "" ) {
				ret = "1";
			}

		} else if ( elem.currentStyle ) {
			var camelCase = name.replace(rdashAlpha, fcamelCase);

			ret = elem.currentStyle[ name ] || elem.currentStyle[ camelCase ];

			// From the awesome hack by Dean Edwards
			// http://erik.eae.net/archives/2007/07/27/18.54.15/#comment-102291

			// If we're not dealing with a regular pixel number
			// but a number that has a weird ending, we need to convert it to pixels
			if ( !rnumpx.test( ret ) && rnum.test( ret ) ) {
				// Remember the original values
				var left = style.left, rsLeft = elem.runtimeStyle.left;

				// Put in the new values to get a computed value out
				elem.runtimeStyle.left = elem.currentStyle.left;
				style.left = camelCase === "fontSize" ? "1em" : (ret || 0);
				ret = style.pixelLeft + "px";

				// Revert the changed values
				style.left = left;
				elem.runtimeStyle.left = rsLeft;
			}
		}

		return ret;
	},

	// A method for quickly swapping in/out CSS properties to get correct calculations
	swap: function( elem, options, callback ) {
		var old = {};

		// Remember the old values, and insert the new ones
		for ( var name in options ) {
			old[ name ] = elem.style[ name ];
			elem.style[ name ] = options[ name ];
		}

		callback.call( elem );

		// Revert the old values
		for ( var name in options ) {
			elem.style[ name ] = old[ name ];
		}
	}
});

if ( jQuery.expr && jQuery.expr.filters ) {
	jQuery.expr.filters.hidden = function( elem ) {
		var width = elem.offsetWidth, height = elem.offsetHeight,
			skip = elem.nodeName.toLowerCase() === "tr";

		return width === 0 && height === 0 && !skip ?
			true :
			width > 0 && height > 0 && !skip ?
				false :
				jQuery.curCSS(elem, "display") === "none";
	};

	jQuery.expr.filters.visible = function( elem ) {
		return !jQuery.expr.filters.hidden( elem );
	};
}
var jsc = now(),
	rscript = /<script(.|\s)*?\/script>/gi,
	rselectTextarea = /select|textarea/i,
	rinput = /color|date|datetime|email|hidden|month|number|password|range|search|tel|text|time|url|week/i,
	jsre = /=\?(&|$)/,
	rquery = /\?/,
	rts = /(\?|&)_=.*?(&|$)/,
	rurl = /^(\w+:)?\/\/([^\/?#]+)/,
	r20 = /%20/g,

	// Keep a copy of the old load method
	_load = jQuery.fn.load;

jQuery.fn.extend({
	load: function( url, params, callback ) {
		if ( typeof url !== "string" ) {
			return _load.call( this, url );

		// Don't do a request if no elements are being requested
		} else if ( !this.length ) {
			return this;
		}

		var off = url.indexOf(" ");
		if ( off >= 0 ) {
			var selector = url.slice(off, url.length);
			url = url.slice(0, off);
		}

		// Default to a GET request
		var type = "GET";

		// If the second parameter was provided
		if ( params ) {
			// If it's a function
			if ( jQuery.isFunction( params ) ) {
				// We assume that it's the callback
				callback = params;
				params = null;

			// Otherwise, build a param string
			} else if ( typeof params === "object" ) {
				params = jQuery.param( params, jQuery.ajaxSettings.traditional );
				type = "POST";
			}
		}

		var self = this;

		// Request the remote document
		jQuery.ajax({
			url: url,
			type: type,
			dataType: "html",
			data: params,
			complete: function( res, status ) {
				// If successful, inject the HTML into all the matched elements
				if ( status === "success" || status === "notmodified" ) {
					// See if a selector was specified
					self.html( selector ?
						// Create a dummy div to hold the results
						jQuery("<div />")
							// inject the contents of the document in, removing the scripts
							// to avoid any 'Permission Denied' errors in IE
							.append(res.responseText.replace(rscript, ""))

							// Locate the specified elements
							.find(selector) :

						// If not, just inject the full result
						res.responseText );
				}

				if ( callback ) {
					self.each( callback, [res.responseText, status, res] );
				}
			}
		});

		return this;
	},

	serialize: function() {
		return jQuery.param(this.serializeArray());
	},
	serializeArray: function() {
		return this.map(function() {
			return this.elements ? jQuery.makeArray(this.elements) : this;
		})
		.filter(function() {
			return this.name && !this.disabled &&
				(this.checked || rselectTextarea.test(this.nodeName) ||
					rinput.test(this.type));
		})
		.map(function( i, elem ) {
			var val = jQuery(this).val();

			return val == null ?
				null :
				jQuery.isArray(val) ?
					jQuery.map( val, function( val, i ) {
						return { name: elem.name, value: val };
					}) :
					{ name: elem.name, value: val };
		}).get();
	}
});

// Attach a bunch of functions for handling common AJAX events
jQuery.each( "ajaxStart ajaxStop ajaxComplete ajaxError ajaxSuccess ajaxSend".split(" "), function( i, o ) {
	jQuery.fn[o] = function( f ) {
		return this.bind(o, f);
	};
});

jQuery.extend({

	get: function( url, data, callback, type ) {
		// shift arguments if data argument was omited
		if ( jQuery.isFunction( data ) ) {
			type = type || callback;
			callback = data;
			data = null;
		}

		return jQuery.ajax({
			type: "GET",
			url: url,
			data: data,
			success: callback,
			dataType: type
		});
	},

	getScript: function( url, callback ) {
		return jQuery.get(url, null, callback, "script");
	},

	getJSON: function( url, data, callback ) {
		return jQuery.get(url, data, callback, "json");
	},

	post: function( url, data, callback, type ) {
		// shift arguments if data argument was omited
		if ( jQuery.isFunction( data ) ) {
			type = type || callback;
			callback = data;
			data = {};
		}

		return jQuery.ajax({
			type: "POST",
			url: url,
			data: data,
			success: callback,
			dataType: type
		});
	},

	ajaxSetup: function( settings ) {
		jQuery.extend( jQuery.ajaxSettings, settings );
	},

	ajaxSettings: {
		url: location.href,
		global: true,
		type: "GET",
		contentType: "application/x-www-form-urlencoded",
		processData: true,
		async: true,
		/*
		timeout: 0,
		data: null,
		username: null,
		password: null,
		traditional: false,
		*/
		// Create the request object; Microsoft failed to properly
		// implement the XMLHttpRequest in IE7 (can't request local files),
		// so we use the ActiveXObject when it is available
		// This function can be overriden by calling jQuery.ajaxSetup
		xhr: window.XMLHttpRequest && (window.location.protocol !== "file:" || !window.ActiveXObject) ?
			function() {
				return new window.XMLHttpRequest();
			} :
			function() {
				try {
					return new window.ActiveXObject("Microsoft.XMLHTTP");
				} catch(e) {}
			},
		accepts: {
			xml: "application/xml, text/xml",
			html: "text/html",
			script: "text/javascript, application/javascript",
			json: "application/json, text/javascript",
			text: "text/plain",
			_default: "*/*"
		}
	},

	// Last-Modified header cache for next request
	lastModified: {},
	etag: {},

	ajax: function( origSettings ) {
		var s = jQuery.extend(true, {}, jQuery.ajaxSettings, origSettings);
		
		var jsonp, status, data,
			callbackContext = origSettings && origSettings.context || s,
			type = s.type.toUpperCase();

		// convert data if not already a string
		if ( s.data && s.processData && typeof s.data !== "string" ) {
			s.data = jQuery.param( s.data, s.traditional );
		}

		// Handle JSONP Parameter Callbacks
		if ( s.dataType === "jsonp" ) {
			if ( type === "GET" ) {
				if ( !jsre.test( s.url ) ) {
					s.url += (rquery.test( s.url ) ? "&" : "?") + (s.jsonp || "callback") + "=?";
				}
			} else if ( !s.data || !jsre.test(s.data) ) {
				s.data = (s.data ? s.data + "&" : "") + (s.jsonp || "callback") + "=?";
			}
			s.dataType = "json";
		}

		// Build temporary JSONP function
		if ( s.dataType === "json" && (s.data && jsre.test(s.data) || jsre.test(s.url)) ) {
			jsonp = s.jsonpCallback || ("jsonp" + jsc++);

			// Replace the =? sequence both in the query string and the data
			if ( s.data ) {
				s.data = (s.data + "").replace(jsre, "=" + jsonp + "$1");
			}

			s.url = s.url.replace(jsre, "=" + jsonp + "$1");

			// We need to make sure
			// that a JSONP style response is executed properly
			s.dataType = "script";

			// Handle JSONP-style loading
			window[ jsonp ] = window[ jsonp ] || function( tmp ) {
				data = tmp;
				success();
				complete();
				// Garbage collect
				window[ jsonp ] = undefined;

				try {
					delete window[ jsonp ];
				} catch(e) {}

				if ( head ) {
					head.removeChild( script );
				}
			};
		}

		if ( s.dataType === "script" && s.cache === null ) {
			s.cache = false;
		}

		if ( s.cache === false && type === "GET" ) {
			var ts = now();

			// try replacing _= if it is there
			var ret = s.url.replace(rts, "$1_=" + ts + "$2");

			// if nothing was replaced, add timestamp to the end
			s.url = ret + ((ret === s.url) ? (rquery.test(s.url) ? "&" : "?") + "_=" + ts : "");
		}

		// If data is available, append data to url for get requests
		if ( s.data && type === "GET" ) {
			s.url += (rquery.test(s.url) ? "&" : "?") + s.data;
		}

		// Watch for a new set of requests
		if ( s.global && ! jQuery.active++ ) {
			jQuery.event.trigger( "ajaxStart" );
		}

		// Matches an absolute URL, and saves the domain
		var parts = rurl.exec( s.url ),
			remote = parts && (parts[1] && parts[1] !== location.protocol || parts[2] !== location.host);

		// If we're requesting a remote document
		// and trying to load JSON or Script with a GET
		if ( s.dataType === "script" && type === "GET" && remote ) {
			var head = document.getElementsByTagName("head")[0] || document.documentElement;
			var script = document.createElement("script");
			script.src = s.url;
			if ( s.scriptCharset ) {
				script.charset = s.scriptCharset;
			}

			// Handle Script loading
			if ( !jsonp ) {
				var done = false;

				// Attach handlers for all browsers
				script.onload = script.onreadystatechange = function() {
					if ( !done && (!this.readyState ||
							this.readyState === "loaded" || this.readyState === "complete") ) {
						done = true;
						success();
						complete();

						// Handle memory leak in IE
						script.onload = script.onreadystatechange = null;
						if ( head && script.parentNode ) {
							head.removeChild( script );
						}
					}
				};
			}

			// Use insertBefore instead of appendChild  to circumvent an IE6 bug.
			// This arises when a base node is used (#2709 and #4378).
			head.insertBefore( script, head.firstChild );

			// We handle everything using the script element injection
			return undefined;
		}

		var requestDone = false;

		// Create the request object
		var xhr = s.xhr();

		if ( !xhr ) {
			return;
		}

		// Open the socket
		// Passing null username, generates a login popup on Opera (#2865)
		if ( s.username ) {
			xhr.open(type, s.url, s.async, s.username, s.password);
		} else {
			xhr.open(type, s.url, s.async);
		}

		// Need an extra try/catch for cross domain requests in Firefox 3
		try {
			// Set the correct header, if data is being sent
			if ( s.data || origSettings && origSettings.contentType ) {
				xhr.setRequestHeader("Content-Type", s.contentType);
			}

			// Set the If-Modified-Since and/or If-None-Match header, if in ifModified mode.
			if ( s.ifModified ) {
				if ( jQuery.lastModified[s.url] ) {
					xhr.setRequestHeader("If-Modified-Since", jQuery.lastModified[s.url]);
				}

				if ( jQuery.etag[s.url] ) {
					xhr.setRequestHeader("If-None-Match", jQuery.etag[s.url]);
				}
			}

			// Set header so the called script knows that it's an XMLHttpRequest
			// Only send the header if it's not a remote XHR
			if ( !remote ) {
				xhr.setRequestHeader("X-Requested-With", "XMLHttpRequest");
			}

			// Set the Accepts header for the server, depending on the dataType
			xhr.setRequestHeader("Accept", s.dataType && s.accepts[ s.dataType ] ?
				s.accepts[ s.dataType ] + ", */*" :
				s.accepts._default );
		} catch(e) {}

		// Allow custom headers/mimetypes and early abort
		if ( s.beforeSend && s.beforeSend.call(callbackContext, xhr, s) === false ) {
			// Handle the global AJAX counter
			if ( s.global && ! --jQuery.active ) {
				jQuery.event.trigger( "ajaxStop" );
			}

			// close opended socket
			xhr.abort();
			return false;
		}

		if ( s.global ) {
			trigger("ajaxSend", [xhr, s]);
		}

		// Wait for a response to come back
		var onreadystatechange = xhr.onreadystatechange = function( isTimeout ) {
			// The request was aborted
			if ( !xhr || xhr.readyState === 0 || isTimeout === "abort" ) {
				// Opera doesn't call onreadystatechange before this point
				// so we simulate the call
				if ( !requestDone ) {
					complete();
				}

				requestDone = true;
				if ( xhr ) {
					xhr.onreadystatechange = jQuery.noop;
				}

			// The transfer is complete and the data is available, or the request timed out
			} else if ( !requestDone && xhr && (xhr.readyState === 4 || isTimeout === "timeout") ) {
				requestDone = true;
				xhr.onreadystatechange = jQuery.noop;

				status = isTimeout === "timeout" ?
					"timeout" :
					!jQuery.httpSuccess( xhr ) ?
						"error" :
						s.ifModified && jQuery.httpNotModified( xhr, s.url ) ?
							"notmodified" :
							"success";

				var errMsg;

				if ( status === "success" ) {
					// Watch for, and catch, XML document parse errors
					try {
						// process the data (runs the xml through httpData regardless of callback)
						data = jQuery.httpData( xhr, s.dataType, s );
					} catch(err) {
						status = "parsererror";
						errMsg = err;
					}
				}

				// Make sure that the request was successful or notmodified
				if ( status === "success" || status === "notmodified" ) {
					// JSONP handles its own success callback
					if ( !jsonp ) {
						success();
					}
				} else {
					jQuery.handleError(s, xhr, status, errMsg);
				}

				// Fire the complete handlers
				complete();

				if ( isTimeout === "timeout" ) {
					xhr.abort();
				}

				// Stop memory leaks
				if ( s.async ) {
					xhr = null;
				}
			}
		};

		// Override the abort handler, if we can (IE doesn't allow it, but that's OK)
		// Opera doesn't fire onreadystatechange at all on abort
		try {
			var oldAbort = xhr.abort;
			xhr.abort = function() {
				if ( xhr ) {
					oldAbort.call( xhr );
				}

				onreadystatechange( "abort" );
			};
		} catch(e) { }

		// Timeout checker
		if ( s.async && s.timeout > 0 ) {
			setTimeout(function() {
				// Check to see if the request is still happening
				if ( xhr && !requestDone ) {
					onreadystatechange( "timeout" );
				}
			}, s.timeout);
		}

		// Send the data
		try {
			xhr.send( type === "POST" || type === "PUT" || type === "DELETE" ? s.data : null );
		} catch(e) {
			jQuery.handleError(s, xhr, null, e);
			// Fire the complete handlers
			complete();
		}

		// firefox 1.5 doesn't fire statechange for sync requests
		if ( !s.async ) {
			onreadystatechange();
		}

		function success() {
			// If a local callback was specified, fire it and pass it the data
			if ( s.success ) {
				s.success.call( callbackContext, data, status, xhr );
			}

			// Fire the global callback
			if ( s.global ) {
				trigger( "ajaxSuccess", [xhr, s] );
			}
		}

		function complete() {
			// Process result
			if ( s.complete ) {
				s.complete.call( callbackContext, xhr, status);
			}

			// The request was completed
			if ( s.global ) {
				trigger( "ajaxComplete", [xhr, s] );
			}

			// Handle the global AJAX counter
			if ( s.global && ! --jQuery.active ) {
				jQuery.event.trigger( "ajaxStop" );
			}
		}
		
		function trigger(type, args) {
			(s.context ? jQuery(s.context) : jQuery.event).trigger(type, args);
		}

		// return XMLHttpRequest to allow aborting the request etc.
		return xhr;
	},

	handleError: function( s, xhr, status, e ) {
		// If a local callback was specified, fire it
		if ( s.error ) {
			s.error.call( s.context || s, xhr, status, e );
		}

		// Fire the global callback
		if ( s.global ) {
			(s.context ? jQuery(s.context) : jQuery.event).trigger( "ajaxError", [xhr, s, e] );
		}
	},

	// Counter for holding the number of active queries
	active: 0,

	// Determines if an XMLHttpRequest was successful or not
	httpSuccess: function( xhr ) {
		try {
			// IE error sometimes returns 1223 when it should be 204 so treat it as success, see #1450
			return !xhr.status && location.protocol === "file:" ||
				// Opera returns 0 when status is 304
				( xhr.status >= 200 && xhr.status < 300 ) ||
				xhr.status === 304 || xhr.status === 1223 || xhr.status === 0;
		} catch(e) {}

		return false;
	},

	// Determines if an XMLHttpRequest returns NotModified
	httpNotModified: function( xhr, url ) {
		var lastModified = xhr.getResponseHeader("Last-Modified"),
			etag = xhr.getResponseHeader("Etag");

		if ( lastModified ) {
			jQuery.lastModified[url] = lastModified;
		}

		if ( etag ) {
			jQuery.etag[url] = etag;
		}

		// Opera returns 0 when status is 304
		return xhr.status === 304 || xhr.status === 0;
	},

	httpData: function( xhr, type, s ) {
		var ct = xhr.getResponseHeader("content-type") || "",
			xml = type === "xml" || !type && ct.indexOf("xml") >= 0,
			data = xml ? xhr.responseXML : xhr.responseText;

		if ( xml && data.documentElement.nodeName === "parsererror" ) {
			jQuery.error( "parsererror" );
		}

		// Allow a pre-filtering function to sanitize the response
		// s is checked to keep backwards compatibility
		if ( s && s.dataFilter ) {
			data = s.dataFilter( data, type );
		}

		// The filter can actually parse the response
		if ( typeof data === "string" ) {
			// Get the JavaScript object, if JSON is used.
			if ( type === "json" || !type && ct.indexOf("json") >= 0 ) {
				data = jQuery.parseJSON( data );

			// If the type is "script", eval it in global context
			} else if ( type === "script" || !type && ct.indexOf("javascript") >= 0 ) {
				jQuery.globalEval( data );
			}
		}

		return data;
	},

	// Serialize an array of form elements or a set of
	// key/values into a query string
	param: function( a, traditional ) {
		var s = [];
		
		// Set traditional to true for jQuery <= 1.3.2 behavior.
		if ( traditional === undefined ) {
			traditional = jQuery.ajaxSettings.traditional;
		}
		
		// If an array was passed in, assume that it is an array of form elements.
		if ( jQuery.isArray(a) || a.jquery ) {
			// Serialize the form elements
			jQuery.each( a, function() {
				add( this.name, this.value );
			});
			
		} else {
			// If traditional, encode the "old" way (the way 1.3.2 or older
			// did it), otherwise encode params recursively.
			for ( var prefix in a ) {
				buildParams( prefix, a[prefix] );
			}
		}

		// Return the resulting serialization
		return s.join("&").replace(r20, "+");

		function buildParams( prefix, obj ) {
			if ( jQuery.isArray(obj) ) {
				// Serialize array item.
				jQuery.each( obj, function( i, v ) {
					if ( traditional || /\[\]$/.test( prefix ) ) {
						// Treat each array item as a scalar.
						add( prefix, v );
					} else {
						// If array item is non-scalar (array or object), encode its
						// numeric index to resolve deserialization ambiguity issues.
						// Note that rack (as of 1.0.0) can't currently deserialize
						// nested arrays properly, and attempting to do so may cause
						// a server error. Possible fixes are to modify rack's
						// deserialization algorithm or to provide an option or flag
						// to force array serialization to be shallow.
						buildParams( prefix + "[" + ( typeof v === "object" || jQuery.isArray(v) ? i : "" ) + "]", v );
					}
				});
					
			} else if ( !traditional && obj != null && typeof obj === "object" ) {
				// Serialize object item.
				jQuery.each( obj, function( k, v ) {
					buildParams( prefix + "[" + k + "]", v );
				});
					
			} else {
				// Serialize scalar item.
				add( prefix, obj );
			}
		}

		function add( key, value ) {
			// If value is a function, invoke it and return its value
			value = jQuery.isFunction(value) ? value() : value;
			s[ s.length ] = encodeURIComponent(key) + "=" + encodeURIComponent(value);
		}
	}
});
var elemdisplay = {},
	rfxtypes = /toggle|show|hide/,
	rfxnum = /^([+-]=)?([\d+-.]+)(.*)$/,
	timerId,
	fxAttrs = [
		// height animations
		[ "height", "marginTop", "marginBottom", "paddingTop", "paddingBottom" ],
		// width animations
		[ "width", "marginLeft", "marginRight", "paddingLeft", "paddingRight" ],
		// opacity animations
		[ "opacity" ]
	];

jQuery.fn.extend({
	show: function( speed, callback ) {
		if ( speed || speed === 0) {
			return this.animate( genFx("show", 3), speed, callback);

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				var old = jQuery.data(this[i], "olddisplay");

				this[i].style.display = old || "";

				if ( jQuery.css(this[i], "display") === "none" ) {
					var nodeName = this[i].nodeName, display;

					if ( elemdisplay[ nodeName ] ) {
						display = elemdisplay[ nodeName ];

					} else {
						var elem = jQuery("<" + nodeName + " />").appendTo("body");

						display = elem.css("display");

						if ( display === "none" ) {
							display = "block";
						}

						elem.remove();

						elemdisplay[ nodeName ] = display;
					}

					jQuery.data(this[i], "olddisplay", display);
				}
			}

			// Set the display of the elements in a second loop
			// to avoid the constant reflow
			for ( var j = 0, k = this.length; j < k; j++ ) {
				this[j].style.display = jQuery.data(this[j], "olddisplay") || "";
			}

			return this;
		}
	},

	hide: function( speed, callback ) {
		if ( speed || speed === 0 ) {
			return this.animate( genFx("hide", 3), speed, callback);

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				var old = jQuery.data(this[i], "olddisplay");
				if ( !old && old !== "none" ) {
					jQuery.data(this[i], "olddisplay", jQuery.css(this[i], "display"));
				}
			}

			// Set the display of the elements in a second loop
			// to avoid the constant reflow
			for ( var j = 0, k = this.length; j < k; j++ ) {
				this[j].style.display = "none";
			}

			return this;
		}
	},

	// Save the old toggle function
	_toggle: jQuery.fn.toggle,

	toggle: function( fn, fn2 ) {
		var bool = typeof fn === "boolean";

		if ( jQuery.isFunction(fn) && jQuery.isFunction(fn2) ) {
			this._toggle.apply( this, arguments );

		} else if ( fn == null || bool ) {
			this.each(function() {
				var state = bool ? fn : jQuery(this).is(":hidden");
				jQuery(this)[ state ? "show" : "hide" ]();
			});

		} else {
			this.animate(genFx("toggle", 3), fn, fn2);
		}

		return this;
	},

	fadeTo: function( speed, to, callback ) {
		return this.filter(":hidden").css("opacity", 0).show().end()
					.animate({opacity: to}, speed, callback);
	},

	animate: function( prop, speed, easing, callback ) {
		var optall = jQuery.speed(speed, easing, callback);

		if ( jQuery.isEmptyObject( prop ) ) {
			return this.each( optall.complete );
		}

		return this[ optall.queue === false ? "each" : "queue" ](function() {
			var opt = jQuery.extend({}, optall), p,
				hidden = this.nodeType === 1 && jQuery(this).is(":hidden"),
				self = this;

			for ( p in prop ) {
				var name = p.replace(rdashAlpha, fcamelCase);

				if ( p !== name ) {
					prop[ name ] = prop[ p ];
					delete prop[ p ];
					p = name;
				}

				if ( prop[p] === "hide" && hidden || prop[p] === "show" && !hidden ) {
					return opt.complete.call(this);
				}

				if ( ( p === "height" || p === "width" ) && this.style ) {
					// Store display property
					opt.display = jQuery.css(this, "display");

					// Make sure that nothing sneaks out
					opt.overflow = this.style.overflow;
				}

				if ( jQuery.isArray( prop[p] ) ) {
					// Create (if needed) and add to specialEasing
					(opt.specialEasing = opt.specialEasing || {})[p] = prop[p][1];
					prop[p] = prop[p][0];
				}
			}

			if ( opt.overflow != null ) {
				this.style.overflow = "hidden";
			}

			opt.curAnim = jQuery.extend({}, prop);

			jQuery.each( prop, function( name, val ) {
				var e = new jQuery.fx( self, opt, name );

				if ( rfxtypes.test(val) ) {
					e[ val === "toggle" ? hidden ? "show" : "hide" : val ]( prop );

				} else {
					var parts = rfxnum.exec(val),
						start = e.cur(true) || 0;

					if ( parts ) {
						var end = parseFloat( parts[2] ),
							unit = parts[3] || "px";

						// We need to compute starting value
						if ( unit !== "px" ) {
							self.style[ name ] = (end || 1) + unit;
							start = ((end || 1) / e.cur(true)) * start;
							self.style[ name ] = start + unit;
						}

						// If a +=/-= token was provided, we're doing a relative animation
						if ( parts[1] ) {
							end = ((parts[1] === "-=" ? -1 : 1) * end) + start;
						}

						e.custom( start, end, unit );

					} else {
						e.custom( start, val, "" );
					}
				}
			});

			// For JS strict compliance
			return true;
		});
	},

	stop: function( clearQueue, gotoEnd ) {
		var timers = jQuery.timers;

		if ( clearQueue ) {
			this.queue([]);
		}

		this.each(function() {
			// go in reverse order so anything added to the queue during the loop is ignored
			for ( var i = timers.length - 1; i >= 0; i-- ) {
				if ( timers[i].elem === this ) {
					if (gotoEnd) {
						// force the next step to be the last
						timers[i](true);
					}

					timers.splice(i, 1);
				}
			}
		});

		// start the next in the queue if the last step wasn't forced
		if ( !gotoEnd ) {
			this.dequeue();
		}

		return this;
	}

});

// Generate shortcuts for custom animations
jQuery.each({
	slideDown: genFx("show", 1),
	slideUp: genFx("hide", 1),
	slideToggle: genFx("toggle", 1),
	fadeIn: { opacity: "show" },
	fadeOut: { opacity: "hide" }
}, function( name, props ) {
	jQuery.fn[ name ] = function( speed, callback ) {
		return this.animate( props, speed, callback );
	};
});

jQuery.extend({
	speed: function( speed, easing, fn ) {
		var opt = speed && typeof speed === "object" ? speed : {
			complete: fn || !fn && easing ||
				jQuery.isFunction( speed ) && speed,
			duration: speed,
			easing: fn && easing || easing && !jQuery.isFunction(easing) && easing
		};

		opt.duration = jQuery.fx.off ? 0 : typeof opt.duration === "number" ? opt.duration :
			jQuery.fx.speeds[opt.duration] || jQuery.fx.speeds._default;

		// Queueing
		opt.old = opt.complete;
		opt.complete = function() {
			if ( opt.queue !== false ) {
				jQuery(this).dequeue();
			}
			if ( jQuery.isFunction( opt.old ) ) {
				opt.old.call( this );
			}
		};

		return opt;
	},

	easing: {
		linear: function( p, n, firstNum, diff ) {
			return firstNum + diff * p;
		},
		swing: function( p, n, firstNum, diff ) {
			return ((-Math.cos(p*Math.PI)/2) + 0.5) * diff + firstNum;
		}
	},

	timers: [],

	fx: function( elem, options, prop ) {
		this.options = options;
		this.elem = elem;
		this.prop = prop;

		if ( !options.orig ) {
			options.orig = {};
		}
	}

});

jQuery.fx.prototype = {
	// Simple function for setting a style value
	update: function() {
		if ( this.options.step ) {
			this.options.step.call( this.elem, this.now, this );
		}

		(jQuery.fx.step[this.prop] || jQuery.fx.step._default)( this );

		// Set display property to block for height/width animations
		if ( ( this.prop === "height" || this.prop === "width" ) && this.elem.style ) {
			this.elem.style.display = "block";
		}
	},

	// Get the current size
	cur: function( force ) {
		if ( this.elem[this.prop] != null && (!this.elem.style || this.elem.style[this.prop] == null) ) {
			return this.elem[ this.prop ];
		}

		var r = parseFloat(jQuery.css(this.elem, this.prop, force));
		return r && r > -10000 ? r : parseFloat(jQuery.curCSS(this.elem, this.prop)) || 0;
	},

	// Start an animation from one number to another
	custom: function( from, to, unit ) {
		this.startTime = now();
		this.start = from;
		this.end = to;
		this.unit = unit || this.unit || "px";
		this.now = this.start;
		this.pos = this.state = 0;

		var self = this;
		function t( gotoEnd ) {
			return self.step(gotoEnd);
		}

		t.elem = this.elem;

		if ( t() && jQuery.timers.push(t) && !timerId ) {
			timerId = setInterval(jQuery.fx.tick, 13);
		}
	},

	// Simple 'show' function
	show: function() {
		// Remember where we started, so that we can go back to it later
		this.options.orig[this.prop] = jQuery.style( this.elem, this.prop );
		this.options.show = true;

		// Begin the animation
		// Make sure that we start at a small width/height to avoid any
		// flash of content
		this.custom(this.prop === "width" || this.prop === "height" ? 1 : 0, this.cur());

		// Start by showing the element
		jQuery( this.elem ).show();
	},

	// Simple 'hide' function
	hide: function() {
		// Remember where we started, so that we can go back to it later
		this.options.orig[this.prop] = jQuery.style( this.elem, this.prop );
		this.options.hide = true;

		// Begin the animation
		this.custom(this.cur(), 0);
	},

	// Each step of an animation
	step: function( gotoEnd ) {
		var t = now(), done = true;

		if ( gotoEnd || t >= this.options.duration + this.startTime ) {
			this.now = this.end;
			this.pos = this.state = 1;
			this.update();

			this.options.curAnim[ this.prop ] = true;

			for ( var i in this.options.curAnim ) {
				if ( this.options.curAnim[i] !== true ) {
					done = false;
				}
			}

			if ( done ) {
				if ( this.options.display != null ) {
					// Reset the overflow
					this.elem.style.overflow = this.options.overflow;

					// Reset the display
					var old = jQuery.data(this.elem, "olddisplay");
					this.elem.style.display = old ? old : this.options.display;

					if ( jQuery.css(this.elem, "display") === "none" ) {
						this.elem.style.display = "block";
					}
				}

				// Hide the element if the "hide" operation was done
				if ( this.options.hide ) {
					jQuery(this.elem).hide();
				}

				// Reset the properties, if the item has been hidden or shown
				if ( this.options.hide || this.options.show ) {
					for ( var p in this.options.curAnim ) {
						jQuery.style(this.elem, p, this.options.orig[p]);
					}
				}

				// Execute the complete function
				this.options.complete.call( this.elem );
			}

			return false;

		} else {
			var n = t - this.startTime;
			this.state = n / this.options.duration;

			// Perform the easing function, defaults to swing
			var specialEasing = this.options.specialEasing && this.options.specialEasing[this.prop];
			var defaultEasing = this.options.easing || (jQuery.easing.swing ? "swing" : "linear");
			this.pos = jQuery.easing[specialEasing || defaultEasing](this.state, n, 0, 1, this.options.duration);
			this.now = this.start + ((this.end - this.start) * this.pos);

			// Perform the next step of the animation
			this.update();
		}

		return true;
	}
};

jQuery.extend( jQuery.fx, {
	tick: function() {
		var timers = jQuery.timers;

		for ( var i = 0; i < timers.length; i++ ) {
			if ( !timers[i]() ) {
				timers.splice(i--, 1);
			}
		}

		if ( !timers.length ) {
			jQuery.fx.stop();
		}
	},
		
	stop: function() {
		clearInterval( timerId );
		timerId = null;
	},
	
	speeds: {
		slow: 600,
 		fast: 200,
 		// Default speed
 		_default: 400
	},

	step: {
		opacity: function( fx ) {
			jQuery.style(fx.elem, "opacity", fx.now);
		},

		_default: function( fx ) {
			if ( fx.elem.style && fx.elem.style[ fx.prop ] != null ) {
				fx.elem.style[ fx.prop ] = (fx.prop === "width" || fx.prop === "height" ? Math.max(0, fx.now) : fx.now) + fx.unit;
			} else {
				fx.elem[ fx.prop ] = fx.now;
			}
		}
	}
});

if ( jQuery.expr && jQuery.expr.filters ) {
	jQuery.expr.filters.animated = function( elem ) {
		return jQuery.grep(jQuery.timers, function( fn ) {
			return elem === fn.elem;
		}).length;
	};
}

function genFx( type, num ) {
	var obj = {};

	jQuery.each( fxAttrs.concat.apply([], fxAttrs.slice(0,num)), function() {
		obj[ this ] = type;
	});

	return obj;
}
if ( "getBoundingClientRect" in document.documentElement ) {
	jQuery.fn.offset = function( options ) {
		var elem = this[0];

		if ( options ) { 
			return this.each(function( i ) {
				jQuery.offset.setOffset( this, options, i );
			});
		}

		if ( !elem || !elem.ownerDocument ) {
			return null;
		}

		if ( elem === elem.ownerDocument.body ) {
			return jQuery.offset.bodyOffset( elem );
		}

		var box = elem.getBoundingClientRect(), doc = elem.ownerDocument, body = doc.body, docElem = doc.documentElement,
			clientTop = docElem.clientTop || body.clientTop || 0, clientLeft = docElem.clientLeft || body.clientLeft || 0,
			top  = box.top  + (self.pageYOffset || jQuery.support.boxModel && docElem.scrollTop  || body.scrollTop ) - clientTop,
			left = box.left + (self.pageXOffset || jQuery.support.boxModel && docElem.scrollLeft || body.scrollLeft) - clientLeft;

		return { top: top, left: left };
	};

} else {
	jQuery.fn.offset = function( options ) {
		var elem = this[0];

		if ( options ) { 
			return this.each(function( i ) {
				jQuery.offset.setOffset( this, options, i );
			});
		}

		if ( !elem || !elem.ownerDocument ) {
			return null;
		}

		if ( elem === elem.ownerDocument.body ) {
			return jQuery.offset.bodyOffset( elem );
		}

		jQuery.offset.initialize();

		var offsetParent = elem.offsetParent, prevOffsetParent = elem,
			doc = elem.ownerDocument, computedStyle, docElem = doc.documentElement,
			body = doc.body, defaultView = doc.defaultView,
			prevComputedStyle = defaultView ? defaultView.getComputedStyle( elem, null ) : elem.currentStyle,
			top = elem.offsetTop, left = elem.offsetLeft;

		while ( (elem = elem.parentNode) && elem !== body && elem !== docElem ) {
			if ( jQuery.offset.supportsFixedPosition && prevComputedStyle.position === "fixed" ) {
				break;
			}

			computedStyle = defaultView ? defaultView.getComputedStyle(elem, null) : elem.currentStyle;
			top  -= elem.scrollTop;
			left -= elem.scrollLeft;

			if ( elem === offsetParent ) {
				top  += elem.offsetTop;
				left += elem.offsetLeft;

				if ( jQuery.offset.doesNotAddBorder && !(jQuery.offset.doesAddBorderForTableAndCells && /^t(able|d|h)$/i.test(elem.nodeName)) ) {
					top  += parseFloat( computedStyle.borderTopWidth  ) || 0;
					left += parseFloat( computedStyle.borderLeftWidth ) || 0;
				}

				prevOffsetParent = offsetParent, offsetParent = elem.offsetParent;
			}

			if ( jQuery.offset.subtractsBorderForOverflowNotVisible && computedStyle.overflow !== "visible" ) {
				top  += parseFloat( computedStyle.borderTopWidth  ) || 0;
				left += parseFloat( computedStyle.borderLeftWidth ) || 0;
			}

			prevComputedStyle = computedStyle;
		}

		if ( prevComputedStyle.position === "relative" || prevComputedStyle.position === "static" ) {
			top  += body.offsetTop;
			left += body.offsetLeft;
		}

		if ( jQuery.offset.supportsFixedPosition && prevComputedStyle.position === "fixed" ) {
			top  += Math.max( docElem.scrollTop, body.scrollTop );
			left += Math.max( docElem.scrollLeft, body.scrollLeft );
		}

		return { top: top, left: left };
	};
}

jQuery.offset = {
	initialize: function() {
		var body = document.body, container = document.createElement("div"), innerDiv, checkDiv, table, td, bodyMarginTop = parseFloat( jQuery.curCSS(body, "marginTop", true) ) || 0,
			html = "<div style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;'><div></div></div><table style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;' cellpadding='0' cellspacing='0'><tr><td></td></tr></table>";

		jQuery.extend( container.style, { position: "absolute", top: 0, left: 0, margin: 0, border: 0, width: "1px", height: "1px", visibility: "hidden" } );

		container.innerHTML = html;
		body.insertBefore( container, body.firstChild );
		innerDiv = container.firstChild;
		checkDiv = innerDiv.firstChild;
		td = innerDiv.nextSibling.firstChild.firstChild;

		this.doesNotAddBorder = (checkDiv.offsetTop !== 5);
		this.doesAddBorderForTableAndCells = (td.offsetTop === 5);

		checkDiv.style.position = "fixed", checkDiv.style.top = "20px";
		// safari subtracts parent border width here which is 5px
		this.supportsFixedPosition = (checkDiv.offsetTop === 20 || checkDiv.offsetTop === 15);
		checkDiv.style.position = checkDiv.style.top = "";

		innerDiv.style.overflow = "hidden", innerDiv.style.position = "relative";
		this.subtractsBorderForOverflowNotVisible = (checkDiv.offsetTop === -5);

		this.doesNotIncludeMarginInBodyOffset = (body.offsetTop !== bodyMarginTop);

		body.removeChild( container );
		body = container = innerDiv = checkDiv = table = td = null;
		jQuery.offset.initialize = jQuery.noop;
	},

	bodyOffset: function( body ) {
		var top = body.offsetTop, left = body.offsetLeft;

		jQuery.offset.initialize();

		if ( jQuery.offset.doesNotIncludeMarginInBodyOffset ) {
			top  += parseFloat( jQuery.curCSS(body, "marginTop",  true) ) || 0;
			left += parseFloat( jQuery.curCSS(body, "marginLeft", true) ) || 0;
		}

		return { top: top, left: left };
	},
	
	setOffset: function( elem, options, i ) {
		// set position first, in-case top/left are set even on static elem
		if ( /static/.test( jQuery.curCSS( elem, "position" ) ) ) {
			elem.style.position = "relative";
		}
		var curElem   = jQuery( elem ),
			curOffset = curElem.offset(),
			curTop    = parseInt( jQuery.curCSS( elem, "top",  true ), 10 ) || 0,
			curLeft   = parseInt( jQuery.curCSS( elem, "left", true ), 10 ) || 0;

		if ( jQuery.isFunction( options ) ) {
			options = options.call( elem, i, curOffset );
		}

		var props = {
			top:  (options.top  - curOffset.top)  + curTop,
			left: (options.left - curOffset.left) + curLeft
		};
		
		if ( "using" in options ) {
			options.using.call( elem, props );
		} else {
			curElem.css( props );
		}
	}
};


jQuery.fn.extend({
	position: function() {
		if ( !this[0] ) {
			return null;
		}

		var elem = this[0],

		// Get *real* offsetParent
		offsetParent = this.offsetParent(),

		// Get correct offsets
		offset       = this.offset(),
		parentOffset = /^body|html$/i.test(offsetParent[0].nodeName) ? { top: 0, left: 0 } : offsetParent.offset();

		// Subtract element margins
		// note: when an element has margin: auto the offsetLeft and marginLeft
		// are the same in Safari causing offset.left to incorrectly be 0
		offset.top  -= parseFloat( jQuery.curCSS(elem, "marginTop",  true) ) || 0;
		offset.left -= parseFloat( jQuery.curCSS(elem, "marginLeft", true) ) || 0;

		// Add offsetParent borders
		parentOffset.top  += parseFloat( jQuery.curCSS(offsetParent[0], "borderTopWidth",  true) ) || 0;
		parentOffset.left += parseFloat( jQuery.curCSS(offsetParent[0], "borderLeftWidth", true) ) || 0;

		// Subtract the two offsets
		return {
			top:  offset.top  - parentOffset.top,
			left: offset.left - parentOffset.left
		};
	},

	offsetParent: function() {
		return this.map(function() {
			var offsetParent = this.offsetParent || document.body;
			while ( offsetParent && (!/^body|html$/i.test(offsetParent.nodeName) && jQuery.css(offsetParent, "position") === "static") ) {
				offsetParent = offsetParent.offsetParent;
			}
			return offsetParent;
		});
	}
});


// Create scrollLeft and scrollTop methods
jQuery.each( ["Left", "Top"], function( i, name ) {
	var method = "scroll" + name;

	jQuery.fn[ method ] = function(val) {
		var elem = this[0], win;
		
		if ( !elem ) {
			return null;
		}

		if ( val !== undefined ) {
			// Set the scroll offset
			return this.each(function() {
				win = getWindow( this );

				if ( win ) {
					win.scrollTo(
						!i ? val : jQuery(win).scrollLeft(),
						 i ? val : jQuery(win).scrollTop()
					);

				} else {
					this[ method ] = val;
				}
			});
		} else {
			win = getWindow( elem );

			// Return the scroll offset
			return win ? ("pageXOffset" in win) ? win[ i ? "pageYOffset" : "pageXOffset" ] :
				jQuery.support.boxModel && win.document.documentElement[ method ] ||
					win.document.body[ method ] :
				elem[ method ];
		}
	};
});

function getWindow( elem ) {
	return ("scrollTo" in elem && elem.document) ?
		elem :
		elem.nodeType === 9 ?
			elem.defaultView || elem.parentWindow :
			false;
}
// Create innerHeight, innerWidth, outerHeight and outerWidth methods
jQuery.each([ "Height", "Width" ], function( i, name ) {

	var type = name.toLowerCase();

	// innerHeight and innerWidth
	jQuery.fn["inner" + name] = function() {
		return this[0] ?
			jQuery.css( this[0], type, false, "padding" ) :
			null;
	};

	// outerHeight and outerWidth
	jQuery.fn["outer" + name] = function( margin ) {
		return this[0] ?
			jQuery.css( this[0], type, false, margin ? "margin" : "border" ) :
			null;
	};

	jQuery.fn[ type ] = function( size ) {
		// Get window width or height
		var elem = this[0];
		if ( !elem ) {
			return size == null ? null : this;
		}
		
		if ( jQuery.isFunction( size ) ) {
			return this.each(function( i ) {
				var self = jQuery( this );
				self[ type ]( size.call( this, i, self[ type ]() ) );
			});
		}

		return ("scrollTo" in elem && elem.document) ? // does it walk and quack like a window?
			// Everyone else use document.documentElement or document.body depending on Quirks vs Standards mode
			elem.document.compatMode === "CSS1Compat" && elem.document.documentElement[ "client" + name ] ||
			elem.document.body[ "client" + name ] :

			// Get document width or height
			(elem.nodeType === 9) ? // is it a document
				// Either scroll[Width/Height] or offset[Width/Height], whichever is greater
				Math.max(
					elem.documentElement["client" + name],
					elem.body["scroll" + name], elem.documentElement["scroll" + name],
					elem.body["offset" + name], elem.documentElement["offset" + name]
				) :

				// Get or set width or height on the element
				size === undefined ?
					// Get width or height on the element
					jQuery.css( elem, type ) :

					// Set the width or height on the element (default to pixels if value is unitless)
					this.css( type, typeof size === "string" ? size : size + "px" );
	};

});
// Expose jQuery to the global object
window.jQuery = window.$ = jQuery;

})(window);
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