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NEPTUNE





Introduction


Neptune is the eighth and, following Pluto’s demotion, once again the outermost planet from the Sun. Like Uranus, it was not known to the ancients and was not discovered until 1846. Neptune takes its name from the Roman god of freshwater and sea, and is equivalent to the Greek god Poseidon. The Neptunalia was a two-day festival celebrated by the Romans in honour of Neptune on 23 June in the heat of summer. As with many of the other planets, Neptune is known in Greek by its equivalent from the Greek pantheon, Ποσειδώνας or Poseidonas. In Chinese, Vietnamese, Japanese, and Korean, the name is translated as ‘Sea King star’. In 2009, the Academy of the Hebrew Language chose רהב or Rahab, a Biblical sea-monster noted in the Book of Psalms, as the official name for Neptune. In Māori, Neptune is named Tangaroa after the Māori god of the sea. In Nahuatl, the name Tlāloccītlalli is used, after the rain god Tlāloc. In the Malay language, the name Waruna (the Hindu god of seas) was in use until as recently as the 1970s, although the planet is now known as Neptun in Malaysian or Neptunus in Indonesian.


In size and physical appearance, it is a virtual twin of Uranus. Neptune is the fourth-largest planet in diameter, slightly smaller than Uranus, but denser and more massive. It is just under four times the diameter of Earth and is more than seventeen times as massive. In common with the other giant planets, Neptune possesses a ring system, but it is the least extensive of the four.


Unlike Uranus, Neptune is too faint to ever become visible to the naked eye. However, a good pair of binoculars or a small telescope will readily show it as a starlike point. A larger telescope will reveal its blue colour, but a magnification of 200× is required to show a disk. Unfortunately, the ring system and surface features are way beyond the resolution of even the best amateur equipment. The Neptunian moons are also challenging. Triton, with a magnitude of +13.47, requires a 200 mm (8 inch) telescope as the minimum to see it. Nereid, the only other moon known before the 1989 Voyager 2 flyby, has a magnitude of +19.2 and is beyond the reach of even high-end amateur telescopes.





Neptune in brief


Data


Discovered: 23 September 1846 by Johann Gottfried Galle and Heinrich Louis d’Arrest at the Berlin Observatory, Germany, using the calculations of Urbain Jean Joseph Le Verrier.

Distance from Sun:

aphelion: 4.537 billion km (2.819 billion miles; 30.33 AU)

perihelion: 4.460 billion km (2.771 billion miles; 29.81 AU)

mean: 4.498 billion km (2.795 billion miles; 30.07 AU)

Orbital eccentricity: 0.008678

Orbital period: 164.8 years

Synodic period: 367.49 days

Orbital inclination: 1.767975°

Rotation period: 16 hours 6 minutes 36 seconds

Axial tilt: 28°19.2' (to orbit)

Diameter:

mean 49,244 ± 38 km (30.599 ± 23 miles)

equatorial 49,528±30 km (30,775±18 miles)

polar 48,628±60 km (30,216±37 miles)

Density 1.638 gm cm-3

Mass: 102.4×1024 kg (17.147 mass of Earth)

Surface gravity: 1.15 ms-2 (1.14 g)

Escape velocity: 23.5 kms-1(14.6 miles/s)

Atmospheric temperature (1 bar): 72±2 K (approx. -200°C)

Apparent magnitude: +7.67 to +8.0

Known moons: 16


Neptune metrical conventions


Neptune has no solid surface, so an oblate spheroid set at the point at which atmospheric pressure equals 1 bar (100 kPa) is deemed to be the surface. The spheroid has an equatorial radius of 24,764±15 km (15,387±9 miles) and a polar radius of 24,341±30 km (15,125±18 miles). The surface so defined is taken as the zero point for altitudes.




Latitudes on Neptune are given positive numbers for the northern hemisphere and negative numbers for the southern hemisphere.




The NLS or Neptune West Longitude System coordinate system is a planetocentric system fixed to Neptune, which rotates with a period of 16 hours 6 minutes 36 seconds. The prime meridian of this system is defined such that on 25 August 1989 at 03:56 hrs GMT, the Voyager 2 spacecraft was at 167.7° W.


Did you know?


*Ice giant: Neptune and Uranus were traditionally classed as gas giants along with Jupiter and Saturn, albeit the latter pair are much larger. While Jupiter and Saturn are predominantly composed of hydrogen and helium, Neptune and Uranus are predominantly composed of water (H2O), ammonia (NH3), and methane (CH4) ices. Accordingly, many astronomers now refer to Neptune and Uranus as ‘ice giants’ rather than gas giants.




*Colour: Illustrations in 1960s books on astronomy invariably depicted Uranus and Neptune as identical grass-green worlds. However, pictures taken by Voyager 2 showed Uranus as pale cyan and Neptune as azure blue, and for decades afterwards, this is how they were commonly depicted in the media. As pointed out in a 2024 study, this is a misconception. The Voyager images were colour-enhanced to highlight atmospheric features, and the true colour of Neptune is very similar to that of Uranus. The blue colouration of both planets is due to methane, which absorbs green and red wavelengths 1.




*Too faint: Neptune is the only one of the Solar System’s eight major planets that never becomes bright enough to be visible to the naked eye.




*Neptunium: The 93rd element in the periodic table was first produced in the laboratory in 1940. As the 92nd element had been named uranium after Uranus, it was decided to name the new element after Neptune. Element 94, produced in the laboratory a few months later, was given the name plutonium after Pluto. Neither neptunium nor plutonium exists in significant quantities in nature.




*The one that got away: Pluto was once thought to possibly be an escaped moon of Neptune. It was proposed that interactions with the Triton caused Pluto to be flung out of the Neptunian system. The process also reversed the direction of Triton’s orbit around Neptune. The theory assumed that Pluto was significantly larger than Triton, whereas it is slightly smaller2. Pluto’s small size and the discovery that it had a relatively large moon, Charon, finally ruled out the theory.




*Moons: Neptune has 16 known moons, far fewer than Jupiter or Saturn, or even Uranus. However, unlike the latter, Neptune has one large moon, Triton. It is the Solar System’s seventh-largest moon, and is midway in size between the Moon and Pluto.




*Retrograde: Although it is not uncommon for moons to orbit their primaries in a retrograde orbit, Triton is the only large moon in the Solar System to do so. The Saturnian moon Phoebe, with a diameter one-eighth that of Triton, is the next-largest-known retrograde moon, and most are far smaller.




*Orbital decay: Triton’s retrograde orbit means that it is gradually spiralling in towards Neptune. It is already closer to Neptune than the Moon is to Earth, and eventually, it will enter Roche limit and be pulled apart by tidal forces. The result will be a ring system many times brighter than the current Saturnian ring system. However, this will not happen for around 3.6 billion years.




*The longest month: The still-unnamed moon S/2021 N 1 orbits Neptune at a mean distance of around 50 million km (30 million miles). This is the greatest orbital distance of any known moon in the Solar System and is only slightly less than the distance of Mercury from the Sun. The orbital period is around 27 years, which is the longest-known ‘month’ in the Solar System.




*Space probes: To date, Neptune has been visited by just one space probe, Voyager 2, in 1989. There have been various proposals for further missions to Neptune, though none have reached the development stage. Trident was a proposed NASA Discovery-class mission, which would have involved a flyby of Neptune and Triton. The relatively low-cost mission would have launched in 2025 and reached the Neptune system in 2038 after a Jupiter gravity assist. But it was passed over in favour of a pair of probes to be sent to Venus. Even if they do eventually fly, spacecraft currently under consideration by NASA and the Chinese National Space Administration are unlikely to reach Neptune until around the mid-century.




*First birthday: Since its discovery in 1846, Neptune has completed just over one circuit of the Sun. It completed its first orbit since discovery at 22:27 GMT on 12 July 2011. The second will not be completed until 2176.









Neptune in depth


Internal structure


Neptune is the smallest, though not the least massive, of the four giant planets. Its mass is 17.14 Earth masses. Uranus, its near-twin, is larger, but less massive at 14.54 Earth masses. Internally, it is similar to Uranus. Unlike Jupiter and Saturn, which are composed largely of hydrogen and helium in various states of matter, Neptune’s density suggests that it is composed primarily of water (H2O), methane (CH4), and ammonia (NH3) ‘ices’3. They are not ices in the conventional sense of the word: temperatures range from 2,000 to 5,000 K and pressures from 10 to 800 MPa. Under these conditions, they exist in a dense liquid phase. Nevertheless, they are customarily referred to as ices4. For this reason, it and Uranus are now commonly referred to as ‘ice giants’ rather than gas giants.


Like Uranus, there are probably three layers: a rocky silicate and nickel/iron core, overlain by an icy mantle, with an outer gaseous atmosphere. The mantle may comprise a hydrogen and helium-rich outer icy layer and a rock-rich inner icy layer. The core is relatively small, with a mass of approximately 1.2 Earth masses; the icy mantle accounts for the bulk of the planet’s mass at 12.5 Earth masses; the atmosphere accounts for the remainder3,5.


As with Uranus, the high pressures and temperatures in the mantle could cause methane molecules to polymerise and then separate into hydrogen and diamond6–9. Experiments under pressures of 0.6–1.1 TPa (6–11 Mbar) suggest that crystalline diamond is stable under the conditions deep inside Uranus and Neptune. Diamond melts to a denser metallic fluid, meaning that crystalline diamond masses would float in liquid carbon10. Speculations about ‘diamond rain’ within the mantles of Neptune and Uranus are regularly seen in a popular science context, but do not appear in journal articles.


The internal heat of Neptune is rather higher than that of Uranus. It emits 2.61 times as much energy as it absorbs from the Sun, compared with about 1.06 times for Uranus and 1.67 times for Jupiter11. At the 1-bar pressure level, Neptune’s atmospheric temperature is around 70 K (approx. −200°C), only slightly cooler than Uranus’s 75 K3, despite Uranus being far closer to the Sun. This contrast highlights the anomalously low internal heat of Uranus relative to Neptune.


Atmosphere


Neptune’s atmosphere is divided into the troposphere, stratosphere, and thermosphere. The base of the troposphere (altitude zero) is defined as the level where the atmospheric pressure is 1 bar (100 kPa). Mean temperature decreases with altitude from 72±2 K (201±2°C) at the 1 bar level to 52±2 K (-223±2°C) at the tropopause, which lies at an altitude of 40 km (25 miles) and an atmospheric pressure of 0.1 bar (10 kPa)12. Above the tropopause lies the stratosphere, where the mean temperature increases with altitude, reaching 160 K (-113°C) at 1.0 mbar13. Above the stratosphere lies the thermosphere, separated from it by the mesopause, at a pressure of approximately 10-5–10-4 μbar. The mesopause is defined as the level where thermospheric heating is exactly balanced by infrared cooling14. Voyager 2 ultraviolet data indicated that the thermosphere is surprisingly high at
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