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JUPITER





Introduction


Jupiter, the fifth planet from the Sun, is undoubtedly the king of the planets. It is more than twice as massive as the rest of the Solar System put together, excluding the Sun. It is more than ten times the diameter of the Earth, and more than one thousand times the volume. Despite its enormous size, Jupiter is dwarfed by the Sun, which is more than one thousand times as massive. Unlike Mercury, Venus, Earth, and Mars, Jupiter has no solid surface. It is composed of 90 per cent hydrogen by volume, and most of the remainder is helium.


Jupiter is one of the brightest objects in the night sky. Although Mars can occasionally outshine it, Jupiter is normally exceeded only by Venus and the Moon. Under favourable conditions, it can be seen in broad daylight, although it is more difficult than Venus. A small telescope with an aperture of 90 mm (3.5 inches) with a magnification of up to 180× will show it as a clear disk, with darker horizontal belts alternating with lighter-coloured zones. Such a telescope will readily show the four major Galilean moons. For finer detail, including the Great Red Spot, the minimum requirement is 127 to 150 mm (5 to 6 inches), which will support commensurately higher magnifications. For sharp imaging, the rule is 40× magnification for each 25 mm (1 inch) of aperture, under good seeing conditions. With the best amateur equipment, a few surface features on the Galilean moons can be captured photographically, although they are very difficult to view directly.


Fittingly, Jupiter takes its name from the Roman god Iuppiter or Iove (‘Jove’). The Romans knew the planet as Iuppiter Stella(‘Star of Jupiter’). Iuppiter was the king of the gods, and the god of the sky and thunder. His Greek counterpart was Zeus; in Greek, the planet Jupiter is known as Dias. Both Jupiter and Zeus are derived from the proto-Indo-European word *dyeus phater (sky father). Jove’s day of the week is Thursday (Lat. Dies Iovis), although in English Jove was replaced by the Norse equivalent, Thor. Other languages retain the original, for example, jeudi (French), jueves (Spanish), joi (Romanian), giovedì (Italian), dijous (Catalan), and Xoves(Galician).


There was more to Jove than simply hurling thunderbolts, as might be inferred from the adjective ‘jovial’. People whose ruling planet is Jupiter (corresponding to the star sign Sagittarius) are supposedly optimistic in temperament. The fourth movement of Holst’s Planet Suite is entitled Jupiter, the Bringer of Jollity, with no reference to his more alpha-male tendencies.


The Babylonians associated Jupiter with the god Marduk, a relative latecomer to the Mesopotamian pantheon.  Marduk was the patron deity of Babylon and became prominent during the reign of the eighteenth-century BCE king Hammurabi. During Hammurabi’s reign, Babylon went from being a minor kingdom to one of the major powers in the region, controlling the Euphrates River from the present-day Iraq/Syria border to the Gulf. It seems more than likely that purely geopolitical considerations facilitated the rise of Marduk.





Jupiter in brief


Data


Distance from Sun:

mean: 778.57 million km (483.78 million miles; 5.2044 a.u.)

aphelion: 816.62 million km (507.42 million miles; 5.4588 a.u.)

perihelion: 740.52 million km (460.14 million miles; 4.9501 a.u.)

Orbital eccentricity: 0.0489

Orbital period: 11.862 years (4,332.59 days)

Synodic period: 398.88 days

Orbital inclination: 1°18.18'

Rotation period: 9 hours 55 minutes 29.71 seconds (System III)

Axial tilt: 3°07.8'

Diameter:

mean: 139,822 km (86,881 miles)

equatorial: 142,984 km (88,846 miles)

polar: 133,708 km (83,082 miles)

Density 1.326 gm cm-3

Mass: 1.8982×1027 kg (317.8 mass of Earth; 0.954×10-3 mass of Sun)

Surface gravity: 24.79 ms-2 (2.528 g)

Escape velocity: 59.5 kms-1 (37.0 miles/s)

Surface temperature:

100 kPa (10 bar) level: -108° C

10 kPa (1 bar) level: -161° C

Apparent magnitude: -2.94 to -1.66

Known moons: 97

Magnetic field: 417 μT (equator)


Datum and prime meridian on Jupiter


Jupiter lacks a solid surface, so a datum plane cannot be defined. The ‘surface’ is usually taken to be the point at which the atmospheric pressure is 100 kPa (1 bar or 0.987 atm), or alternatively the point at which it is 1,000 kPa (10 bar or 9.87 atm). The lack of any permanent features on the planet makes it impossible to define a prime meridian with reference to such a feature. Instead, the Jovian prime meridian is defined as the sub-Earth meridian (i.e., the meridian where Earth was at its maximum height above the horizon) at 00:00:00 UT on 1 January 1965.


Did you know?


*Not in orbit: Strictly speaking, Jupiter does not orbit the Sun. The Solar-Jovian centre of mass lies approximately 740,000 km (460,000 miles) from the centre or 44,000 km (27,000 miles) above the surface of the Sun, and the two bodies revolve around this rather than Jupiter around the Sun.




*Super Jupiter: Notwithstanding Jupiter’s enormous size, larger and more massive planets have been found orbiting other stars. The most massive of these are on the borderline between planets and ‘brown dwarf’ stars, where core temperatures and pressures are sufficient to sustain nuclear fusion. The International Astronomical Union classifies anything of more than thirteen Jupiter masses as a ‘brown dwarf’. Objects of more than one Jupiter mass in distant orbits tend to be denser, and hence no larger than Jupiter. On the other hand, so-called ‘hot Jupiters’ in very close orbits tend to be less dense and larger than Jupiter, although not necessarily more massive.




*The incredible shrinking planet: Although Jupiter is well below the mass needed for it to become a dwarf star, it still radiates more heat than it receives from the Sun. Jupiter is slowly contracting under its gravity, releasing gravitational energy, and heating the interior.




*The shortest day: Jupiter’s rotation period of 9 hours 55 minutes 29.71 seconds (System III) is shorter than that of any other planet in the Solar System. It is closely followed by Saturn, with a day of 10 hours 33 minutes 38 seconds. Both are far shorter than third-placed Neptune, with a day of 16 hours 6 minutes 36 seconds. Due to the high speed of its rotation, Jupiter is visibly oblate, i.e., its equatorial diameter is visibly greater than its polar diameter. However, Jupiter is not a solid body and does not rotate in the same way as a solid body. The region from the southern edge of the North Equatorial Belt and the northern edge of the South Equatorial Belt has a rotation period of 9 hours 50 minutes 30 seconds (System I), but regions outside this zone have a slower rotation period of 9 hours 55 minutes 41 seconds (System II). The International Astronomical Union uses a third system (System III), based on the rotation period of Jupiter’s magnetic field: 9 hours 55 minutes 29.71 seconds. This more accurately reflects the rotation of the planet’s deep interior. Individual features have their own rotation periods; for example, that of the Great Red Spot varies between 9 hours 55 minutes 36 seconds and 9 hours 55 minutes 42 seconds.




*No seasons: Jupiter’s axial tilt is just over 3 degrees, less than that of any other planet. Consequently, the planet experiences no noticeable seasonality throughout its 11.86-year passage around the Sun.




*Deep impact: The first observed impact of a comet on a planet occurred in July 1994, when Jupiter was bombarded with fragments of the comet Shoemaker-Levy 9. The comet was detected on 26 March 1993 on photographs taken at Mount Palomar. It was found to have been in an extended orbit around Jupiter since approximately 1970 and to have been tidally disrupted by a close pass in 1992, which had taken it to within 22,000 km (13,670 miles) of the planet. The fragments were on a collision course for Jupiter and impacted between 16 and 22 July 1994. Unfortunately, none of the impacts were visible from Earth, although the impact sites were soon brought into view by the planet’s swift rotation, and large dark spots were seen. The largest fragment, Fragment G, was 3 to 4 km (1.8 to 2.5 miles) across. It produced a fireball 3,000 km (1,860 miles) high and clouds of ammonia, sulphur, and hydrogen sulphide that remained visible from Earth for several months. Had the fragment hit Earth, it has been estimated that it would have left a crater 60 km (37 miles) across.




*Megastructure: Jupiter’s magnetosphere is the largest permanent structure in the Solar System, apart from the Sun’s own magnetosphere. With an average radius of 5,365,000 km (3,332,000 miles), its angular size at opposition is about twice that of the Moon as seen from Earth.




*Moons or planets: Jupiter’s four major moons, Io, Europa, Ganymede, and Callisto, are often referred to as the Galilean moons after their discoverer, Galileo Galilei (1564–1642). Were they not in orbit around Jupiter, the quartet would undoubtedly be classed as planets in their own right. Ganymede is the largest moon in the Solar System and is larger (though less massive) than the planet Mercury. The smallest Galilean moon, Europa, is still the sixth-largest moon in the Solar System. Other than by its three siblings, it is exceeded in size only by Titan and the Moon.




*Naked eye: There have been persistent reports going back to the nineteenth century that the Galilean moons can be seen with the naked eye. Indeed, it has been suggested that one (probably Ganymede but possibly two of the moons close together) was seen in China by astronomer Gan De as long ago as 365 BCE. The astronomer noted a reddish star “in an alliance” with Jupiter. In theory, the four Galilean moons should all be visible to the naked eye, at least when Jupiter is favourably placed. Their opposition magnitudes are Io +5.02, Europa +5.29, Ganymede +4.61, and Callisto +5.65. Ganymede, the brightest, is only slightly fainter than Alcor, the close companion of Mizar in Ursa Major. The theoretical maximum resolving power of the human eye is about 0.4 arcmin, although most people cannot resolve better than about 1.0 arcmin. The maximum angular separations of the moons from Jupiter are Io 2.3 arcmin, Europa 3.67 arcmin, Ganymede 5.85 arcmin, and Callisto 10.3 arcmin, so all lie within the range of naked-eye visibility and resolution. The problem is that Jupiter is so bright that it drowns the moons out, and possible sightings are likely restricted to the outermost two, Ganymede and Callisto. Neither is bright enough to show a perceptible colouration, so the object reported by Gan De is unlikely to have been a moon1.




*Naming the moons: The Galilean moons were given their present names by German astronomer Simon Marius (1573–1625) in 1614, but the names fell into disuse. After moons were subsequently discovered around Saturn, astronomers began numbering them in order of distance from their primaries. This practice continued until the mid-nineteenth century, when all the then-known moons of Saturn and Uranus were given names. For some reason, the scheme was not adopted for Jupiter, and the Galilean moons continued to be widely referred to as Jupiter I-IV until the 1950s. Even then, the eight other moons that had by then been discovered were not given names. Suggestions that they should be named date back to the discovery of Amalthea (Jupiter V) in 1892 and Himalia (Jupiter VI) in 1905, and a variety of unofficial schemes were in use. Nevertheless, the 1973 edition of Norton’s Star Atlas still lists Jupiter V-XII as the Solar System’s only unnamed moons out of a total of 32 then known. The anomaly was finally cleared up in 1976, when the International Astronomical Union implemented a list that had been proposed the previous year. Of the various unofficial names proposed over the years, only the widely used Amalthea for Jupiter V was adopted.
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