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PLUTO





Introduction


In the original Star Wars movie, the planet Alderaan, home of Princess Leia’s adoptive parents, was blasted out of existence by the Empire’s Death Star on the orders of the villainous Grand Moff Tarkin. The demise of the planet Pluto was an altogether less spectacular affair. On 24 August 2006, the International Astronomical Union simply ruled that it was no longer a planet. Nobody much under the age of eighty could remember a time when the Solar System did not contain nine planets, but now we were being told that henceforth we would have to make do with only eight. It was the final indignity for this little world, whose fortunes it must be admitted had been in steady decline ever since its discovery by the American astronomer Clyde Tombaugh (1906–1997) in 1930.


Pluto is named for the Roman god of the Underworld. The Greek equivalent is Plouton or Hades. The name was proposed by an 11-year-old British schoolgirl, Venetia Burney (1918-2009). Pluto is far too faint to be seen with the naked eye, even when its eccentric orbit brings it closer to the Sun than Neptune. Its angular diameter, as seen from Earth, ranges from 0.06 to 0.11 arcsec; its visual magnitude averages +15.1, and it is never brighter than +13.65. As such, it is a difficult object for telescopic investigation. A 250 mm (10 inch) amateur telescope will show Pluto as a star-like point; when at perihelion, as it was in 1989, it could be seen through a 200 mm (8 inch) telescope, although this opportunity will not recur for a couple of centuries. The most powerful ground-based telescopes can do little more than show Pluto as a small disk; they cannot make out any surface detail. Even the Hubble Space Telescope reveals only very broad surface detail. Nevertheless, with good amateur equipment, Pluto can be located. Over several nights of observation, you will be able to confirm its slow motion against the stars.


For a world much smaller than our own Moon, Pluto has punched above its weight in terms of the attention it has received over the years from astronomers and the general public alike. Its discovery made headlines, and its demotion sparked protests. It made the news again when NASA’s New Horizons space probe arrived there in July 2015 after a decade-long voyage. This is the story of the rise, fall, and revival of this enigmatic world; what we currently know about it; and how it turned out not to be the Solar System’s farthest place, but part of a vast realm of icy worlds otherwise unobserved prior to the 1990s.





Pluto in brief


Data


Discovered: 13 March 1930 by Clyde Tombaugh at Lowell Observatory, Flagstaff, AZ.

Distance from Sun:

mean: 5,906.38 million km (3670.05 million miles; 39.5 AU)

aphelion: 7,375.93 million km (4583.19 million miles; 49.28 AU)

perihelion: 4,436.82 million km (2756.91 million miles; 29.65 AU)

Orbital eccentricity: 0.248

Orbital period: 247.7 years (90,465 days)

Orbital inclination: 17°15'

Rotation period: 6.387230 days (6 days, 9 hrs, 17 min, 36 sec)

Axial tilt: 122°46'

Diameter: 2,376.6±1.6 km (1476.75±1 miles)

Density 1.854±0.006 gm cm-3

Mass: 1.303 ± 0.003×1022 kg (0.00218 mass of Earth)

Surface gravity: 0.620 ms-2 (0.063 g)

Escape velocity: 1.212 kms-1 (0.7531 miles/s)

Surface temperature: -229° Celsius

Surface atmospheric pressure: 11.5±0.7 μbar

Magnitude: +13.65 to +16.3

Known moons: 5

Magnetic field: none detected


Prime Meridian on Pluto


Pluto’s prime meridian is defined as the longitude that lies directly beneath the moon Charon, with which it is tidally locked. Similarly, the prime meridian on Charon is defined as the longitude always lying directly beneath Pluto.


Did you know?


*Not the first: From its discovery in 1930 up until 2006, Pluto was considered to be the Solar System’s ninth and outermost planet, but it was not the first ‘planet’ to be demoted. At the time of their discovery in the early nineteenth century, the large asteroids Ceres, Pallas, Juno, and Vesta were considered to be planets. However, many more asteroids were discovered in the middle of the century, and the four were eventually reclassified as asteroids.




*Diminutive if not a dwarf: Pluto is far smaller than any of the eight currently recognised planets: its diameter of 2,376.6 km (1476.75 miles) is less than half that of the smallest currently recognised planet, Mercury (4,879.4 km (3031.9 miles)). Pluto’s mass of 1.303±0.003×1022 kg is less than 1/25th that of Mercury or about 1/6th that of the Moon.




*Orbital peculiarities: Pluto’s orbital eccentricity of 0.248 is higher than that of any of the eight currently recognised planets. Its minimum distance from the Sun is 29 astronomical units, closer than Neptune; the maximum distance from the Sun is 49 astronomical units. Mercury has the next highest orbital eccentricity, at 0.205. No other planet has an orbital eccentricity as high as 0.1. Pluto’s orbital inclination of 17° is also far higher than that of any of the eight planets. Mercury is the highest, at just over 7°, and no other planet exceeds 3°30'.




*Flipped over: Pluto’s axial tilt is higher than that of any of the eight recognised planets. At 122°32', it exceeds even the 97°46' of Uranus, so Pluto effectively rotates on its side. For comparison, Earth’s axial tilt is 23°26'.




*Five moons: Pluto’s total of five moons might be small in comparison to Saturn’s 274 and Jupiter’s 95, but it is nevertheless impressive considering that Mercury, Venus, Earth, and Mars can muster a grand total of just three moons between them.




*Binary planet: Pluto’s major moon, Charon, is 1,212.0±1.0 km (753.1 miles) in diameter, and it is larger in comparison to its primary than any other known moon. Pluto and Charon are 19,571 km (12,161 miles) apart centre to centre, and orbit around a barycentre (mutual centre of gravity) once every 6 days and nine hours. The pair are tidally locked, meaning that both keep the same side facing one another. From one side of Pluto, Charon hangs motionless in the sky, never rising nor setting; from the other side, it is never seen at all. As viewed from Pluto, Charon would appear 7 to 8 times larger than the Moon as seen from Earth. Prior to 2006, the Pluto-Charon system was often described as a binary planet.




*Distant: Depending on Pluto’s distance from the Sun, light takes 4 hours (when at perihelion) and 6 hours 50 minutes (when at aphelion) to make the trip. For comparison, it takes light just over eight minutes to reach Earth from the Sun.




*To boldly go: A small portion of Clyde Tombaugh’s ashes was carried aboard the New Horizons space probe, which became the first and so far only spacecraft to visit Pluto. To date, only a handful of human remains have been sent into space, and no others have travelled any further than the Moon.




*An early Pluto-sceptic: Gustav Holst’s seven-movement The Planets: Suite was composed during World War I, and it included all the then-known planets apart from Earth. Pluto was discovered four years before Holst’s death, but he declined to compose an additional movement. In 2000, Manchester’s Hallé Orchestra commissioned the English composer Colin Matthews to write an eighth movement, which he called Pluto, the Renewer. The movement was dedicated to Holst’s daughter, composer Imogen Holst, who died in 1984.




*Pluto the Pup: The Walt Disney cartoon dog was named after Pluto and not, as is sometimes believed, the other way round.




*Radioactive: The radioactive element plutonium (Pu), which can be used in the manufacture of nuclear weapons, is named after Pluto. It followed neptunium (Np), named after Neptune, and uranium (U), named after Uranus.




*Word of the Year: Following Pluto’s demotion, a new word entered the vocabulary: To pluto is to demote or devalue someone or something. Late in 2006, the American Dialect Society voted ‘plutoed’ as its Word of the Year.







Pluto in depth


Atmosphere


Pluto’s atmosphere was extensively studied by New Horizons. It was found to consist primarily of molecular nitrogen (N2), with trace constituents ~0.5 per cent by volume of methane (CH4) and ~0.05 per cent by volume of carbon monoxide (CO). More complex molecules are also present, produced by ultraviolet-driven photochemistry. These products include ethane (C2H6), ethylene (C2H4), acetylene (C2H2), heavier hydrocarbons, and nitriles such as hydrogen cyanide (HCN)1.


The atmospheric pressure at Pluto’s surface is approximately 11.5±0.7 μbar, which is about 100,000 times lower than Earth’s sea-level pressure2. Tenuous as the atmosphere is, it is nevertheless far more extended than that of Earth. Pluto’s exosphere begins at an altitude of 1,700 km (1,050 miles), compared to 600 km (375 miles) for Earth’s exosphere3.


Haze in Pluto’s atmosphere was detected in images by both the Long Range Reconnaissance Imager (LORRI) and the Multispectral Visible Imaging Camera (MVIC), extending to altitudes of more than 200 km (125 miles) above the surface. The haze is structured into distinct layers4. LORRI revealed prominent haze layers at approximately 10, 30, 90, and 190 km (6, 18, 56, and 120 miles), with around 20 distinct layers visible at the highest spatial resolutions. The layers are separated by 10 km (6.2 miles), and individual layers range in thickness from 1 to 10 km (0.6 to 6.2 miles)1,4.


MVIC indicated a blue haze colour consistent with Rayleigh scattering by very small particles with radii around 10 nm (this is the same phenomenon that is responsible for Earth’s blue skies). However, the haze is also strongly forward scattering (i.e., light is scattered through a small angle and continues to move in close to the original direction). New Horizons observed Pluto’s haze at solar phase angles (i.e., the angle between the Sun, the haze and the spacecraft) ranging from 15 to 165°. The brightness of the haze increased with the phase angle (i.e., it was brightest with the Sun shining through it). This suggests much larger particles with radii of 0.1 μm.  A possible explanation is that these are aggregates of smaller 10 nm particles1.


The particles are likely to be tholins, formed by ultraviolet-driven photochemical action on atmospheric nitrogen, methane, and carbon monoxide. Cosmic rays may also contribute to atmospheric chemistry. The haze settles out rapidly compared with geological timescales and affects surface colouration. Some of the differences in colouration between various regions may reflect regional differences in the composition of the haze, or in the products produced by its reactions with local materials under local environmental conditions4,5.


Surface


The first photographs transmitted back to Earth from New Horizons provided spectacular views of what had previously been seen only as a blurry orange, grey, and black sphere.  Overall, Pluto’s surface is highly varied and includes forms resulting from glaciological and surface/atmosphere interactions as well as impact, tectonic, and possible cryovolcanic processes. The colour varies from charcoal black to dark orange and white, and there are significant variations in brightness.


The plains on Pluto’s surface are composed predominantly of nitrogen (N2) ice, with traces of methane (CH4) and carbon monoxide
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