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Discovery photos of Pluto.
The arrows point to the position of Pluto in each image.
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Discovery photos of Charon.
Distorted image (left) shows Charon above Pluto, undistorted image (right) shows it in line with planet.

[image: image3.jpg]



Comparison of ground (left) and early Hubble Space Telescope (right) photos of Pluto and Charon
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Pluto and Charon from the repaired Hubble Space Telescope, at maximum elongation (0.9 arc seconds apart). Pluto is on left, 2390 km diameter, Charon on right, 1190 km diameter. The bodies orbit each other at a distance of 19,600 km
(R. Albrecht (ESA/ESO), NASA, apod990213)
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Motion of Pluto around the Sun, and Charon around Pluto
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Gradually changing orientation of orbit of Charon, as seen from the Earth
(See The Rotation of Pluto)
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Bottom: Geometry of eclipses and occultations of Pluto and Charon in late 1980s
Top: Change in brightness of Pluto and Charon as a result of eclipses and occultations
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	     True color image of Pluto, showing details determined from occultations and eclipses of Pluto and Charon. Since the brightness variations of Pluto are determined from times when Charon is passing in front of it, this "map" shows the side of Pluto which always faces Charon. The brownish color is thought to be caused by darkening of methane ice as a result of exposure to ultraviolet radiation from the Sun. The light and dark areas represent just that -- light and dark areas -- and are unlikely to be related to actual surface features, which will probably remain unknown until the New Horizons spacecraft, launched in 2006, reaches Pluto in 2015. (Eliot Young (SwRI) et al., NASA, apod010319)
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	     The small images (inset at upper left of the larger images) are Hubble Space Telescope pictures of opposite hemispheres of Pluto taken in mid-1994, when Pluto was around 3 billion miles from Earth. Below each is a map based on a number of HST observations, taken in blue light to provide increased resolution, in late June and early July of that year. Although some features may correspond to basins or other topographic features, it is most likely, as in the case of the Earth-based (color) image above, that the light and dark features simply represent differences in the brightness of the surface, caused by differences in the ices deposited on the surface. Lighter areas are probably freshly deposited ices of nitrogen, carbon dioxide and methane, resulting from the re-freezing of gases which were produced as Pluto neared the Sun over the last century, and gradually developed a thin atmosphere of (primarily) nitrogen and methane. Dark areas are probably ices contaminated by hydrocarbon deposits formed by the interaction of methane and other ices with ultraviolet radiation from the Sun. As Pluto gradually draws away from the Sun, over the next century, seasonal and orbital effects may well produce noticeable changes in the patterns of light and dark ices shown here. (A. Stern (SwRI), M. Buie (Lowell Observatory), NASA, ESA, apod960311)
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	     Map of Pluto constructed from four HST images, as Pluto went through one 6.5 day rotation in 1994. The map shows a region 7500 km or 4700 miles wide (E to W) and half that height (N to S), save for a black strip at the bottom, where the South Polar region could not be imaged, because it is pointing away from the Sun and Earth. (The rectilinear projection used here shows meridians of longitude and parallels of latitude as straight lines, and as a result, shows the single point at the North Pole just as wide as Pluto's Equator, grossly exaggerating the size of the polar regions.) The polar areas are brighter, and the equatorial area darker, as might be expected if there are more, or fresher, ices at the poles, but the actual nature of the dark and light regions will remain a matter of speculation for years or decades to come. (Alan Stern (Southwest Research Institute), Marc Buie (Lowell Observatory), ESA, NASA)
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	Study of the Plutonian atmosphere by the occultation of a star on June 9, 1988. If Pluto had no atmosphere, the light curve would have vertical sides, but instead, it has sloped sides, whose exact shape can be used to determine the density profile of the atmosphere (how the scale height changes at different altitudes). Based on the density profile and the low gravity of the planet, the average molecular weight can be determined, and is about 28, which suggests that (diatomic) nitrogen molecules are the primary component of the atmosphere. Absorption at specific wavelengths also suggests the presence of small (1%?) amounts of methane. The atmosphere appears to consist of an isothermal (constant temperature) outer atmosphere, and a complex (variable temperature) lower atmosphere, possibly including an inversion layer (a region where temperature decreases with altitude, as in our stratosphere). If so, that would make Pluto the only planet other than the Earth known to have an inversion layer. (Elliot, Dunham, Bosh, Slivan, Young, Wasserman, Millis, Kuiper Airborne Observatory, Icarus)
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	Pluto and Charon as they passed by members of the triple star system P126, in 2002. Pluto passed in front of P126A, casting a shadow the size of Pluto across parts of South America, providing more detailed information about its size and atmospheric structure. Among other things, it was discovered that the atmospheric pressure had doubled (from 1.5 microbars to 3 microbars) since 1988, suggesting a warming of about 2 1/2 Fahrenheit degrees, presumably caused by the fact that although it is now moving away from the Sun, Pluto is still considerably closer than its average distance, and is still warming up. However, as it moves away from the Sun, it is also turning one pole more directly away from it, which will soon cause gases forming on the sunward side to freeze out on the night side; as a result, it is expected that the atmospheric pressure will soon begin to decrease. (NACO Team, 8.2-meter VLT (Yepun), ESO, apod020911)
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One model of internal structures of Pluto and Charon
(McKinnon & Mueller, Simonelli et al)
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Another model of the internal structure of Pluto is totally different from the previous one, showing the uncertainty involved in calculating the structures of objects when accurate data are scarce. (Lunar and Planetary Laboratory, NASA Gallery)
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Relative size of various large moons, and Pluto. (NASA, Wikipedia Commons)
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Relative sizes of largest known Kuiper Belt Objects in 2001, compared to Pluto and Charon
Several even larger objects have been found more recently, such as Quaoar and Sedna (shown below), which are larger than Charon, and Eris, which is probably slightly larger than Pluto.
(ESO, ESA, Astrovirtel & G. Hahn (German Aerospace Center, DLR))
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A comparison of the size of Sedna, the largest known KBO in 2004, to various planets and moons. 
(NACO Team, 8.2-meter VLT (Yepun), ESO, apod040827)
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Relative sizes of the largest known trans-Neptunian objects (Pluto and KBOs) (as of early 2007)
The Rotation of Pluto
(Also see Pictures of Pluto / The Discovery of Pluto / The Moons of Pluto) 

      This page will discuss the synchronous rotation of Pluto, which causes it to always keep one face toward its moon, Charon. For now, here is a summary of how Pluto's unusual rotation affects its atmosphere.
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      Like Uranus, Pluto rotates more on its side than anything else; and like Uranus' moons, which orbit in the equatorial plane of the planet, Charon rotates in Pluto's equatorial plane, so that its orbit is more perpendicular to the orbital plane of the planet, than not. As shown in the first diagram (above), Pluto's orbit is fairly eccentric, allowing it to actually be closer to the Sun than Neptune for about 20 years, out of its 248 year orbital period. The last time it was at perihelion was in 1989. At almost the same time, as shown in the second diagram, the plane of Pluto's rotation (and Charon's orbit) was parallel to our line of sight, so that Charon and Pluto eclipsed and occulted each other every 3.2 days (half of the 6.4 day rotation/orbital period, since there is one eclipse, and one occultation, in each period). Since the two dates were nearly the same, Pluto must be rotating nearly sideways to the Sun at occultation, and its axis of rotation must be pointing nearly at the Sun (and away from it) about a quarter of an orbital period earlier and later -- in other words, 1988/9 plus or minus 62 years, or 1926/7, and 2050/51. This means that when Pluto was discovered, in 1930, one hemisphere was more or less perpetually sunlit (the hemisphere we saw at the time, which happened to be the Northern hemisphere of Pluto), and the other (Southern) hemisphere was more or less perpetually dark. During the following 58 years, as Pluto neared perihelion, it gradually became more and more sideways relative to the Sun (and the Earth), and every part of the planet had more or less equal day and night (each day, and each night, being about 3.2 Earth days).
      When discovered, Pluto's had no atmosphere, but as it approached the Sun, dark areas absorbed sunlight and warmed up, and gradually, nitrogen and methane ices evaporated, forming a very rarefied atmosphere (perhaps 1/100th of one percent of an Earth atmosphere). This process is still going on, as Pluto is still considerably closer to the Sun than usual, but as the planet moves away from perihelion, it is pointing less and less at the Sun, and more and more pole-on. And as it becomes more nearly exactly pole-on, toward the middle of this century, any gas present on the night side of the planet will freeze, and become part of the icy surface again. Since perihelion and sideways rotation was only 16 years ago, and pole-on rotation is 46 years away, it will take a while for the atmosphere to gradually return to an icy state, and completely disappear; but if we want to study Pluto's atmosphere, we need to do so fairly soon, which is the rationale behind the Pluto Express project.
      The Pluto Express project is the tentative launch of two spacecraft in 2006, to arrive at Pluto in 2016, about six months apart. At that time, 27 years after perihelion, Pluto will still be relatively warm, by Plutonian standards, and still possess a very thin atmosphere; and about 3/4 of the planet's surface will still be visible, at one time or another, only about half of the Northern (winter) hemisphere being already semi-permanently pointed away from the Sun, while all of the Southern hemisphere will be visible, throughout Pluto's rotation. 
     (Note Added 01/27/06) The (renamed) New Horizons spacecraft was launched on January 19, 2006. The fastest spacecraft ever launched, it will take just over a year to Jupiter; then, taking advantage of Jupiter's gravitational effects to further increase its speed (and reduce its travel time by nearly three years), it will reach Pluto in 2015. For 24 hours, it will study that planet and its moons, before continuing onward and outward, through the Kuiper Belt/Disk, before eventually (thousands of years later) leaving the Solar System. 
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View of Pluto's orbit, rotation, and seasons (NASA, JPL, New Horizons)
	Another view of Pluto's orbit, and its rotation. The central diagram shows the orbit of Pluto, with perihelion at the top, and aphelion at the bottom, with the rotation of the planet and the orbital motion of its moon, at the Equinoxes and Solstices. The insets show the view from the Earth (more accurately, from the Sun, but our view is almost identical), at each time. Note the orbital motion of Charon at the Northern Spring Equinox, which was in 1988, as discussed above.


The Discovery of Pluto 
(Also see Pictures of Pluto / The Rotation of Pluto / The Moons of Pluto) 

     The controversial decision by the International Astronomical Union to strip Pluto of its status as a major planet was a surprise to many, but seemed long overdue to others. The purpose of this page is to explain how Pluto was given status as a major planet, and why it may not have been worthy of that status.
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The redefined Solar System. Major planets above, "dwarf planets" below. (IAU, apod060828)

