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A PERIODIC TABLE FOR THE PLANETS

Andrew Lesh (aclesh@gmail.com, https://www.linkedin.com/in/andrew-lesh/)

Building on the precedent set by the periodic table of
elements for providing useful information at a glance for
a large number of subjects, the table of planets depicts the
Solar System’s wide array of geophysical planets with
useful dynamical and compositional information.

I. INTRODUCTION
I.A. The Geophysical Definition
The geophysical definition of a planet is as follows:!

A planet is a sub-stellar mass body that has never
undergone nuclear fusion and that has sufficient
self-gravitation to assume a spheroidal shape
adequately described by a triaxial ellipsoid
regardless of orbital parameters.

This definition focuses foremost on the intrinsic
qualities of an object in question with two key points.
First, the object having never undergone nuclear fusion
distinguishes it from stars (which fuse 'H and heavier
nuclides), brown dwarfs (which likely fuse 2H and
sometimes 7Li), and stellar remnants (white dwarfs,
neutron stars, and black holes). Second, the object must
have a round shape achieved through self-gravitation.
When objects have a sufficiently large mass, their
combined gravity can overcome the mechanical strength
of their material substituents and pull the object into a
spheroidal shape. The stronger an object’s material, and
the slower its rotational period, the more spherical it will
be. The weaker an object’s material, and the faster its
rotational period, the more oblate and ellipsoidal it will
be. Regardless, a mass threshold depending on material
composition will give a celestial object a spheroidal
shape, a condition called hydrostatic equilibrium. Objects
below this threshold are typically irregular.

While the first point provides a fairly clear and
objective condition (the presence or absence of nuclear
fusion within the object at some point in its existence), the
second point is intentionally more lax and inclusive.
While an individual rock or pile of gravel orbiting the sun
would be called a planet by no one, and the Earth is
accepted as a planet by all, the distinction between small,
irregular objects and gravitationally rounded bodies is not
always clear-cut. Judging whether an object’s shape
satisfies the hydrostatic equilibrium condition depends on
precise knowledge of its size, mass, internal composition,
rotational period, and other factors. As such, an object
that initially formed with an equilibrium shape may later
fall out of equilibrium if its rotational period changes, its
shape is eroded by impacts, etc. While some earlier
physical definitions explicitly mention the hydrostatic
equilibrium condition,? the revised geophysical definition
leaves the precise amount of gravitational roundness open

for debate and interpretation. After all, objects like
Mercury and Venus deviate from ideal hydrostatic
equilibrium, and no planetary body has a perfectly
smooth, ideal shape.®

I.B. Subjectivity of the Planet Taxon

Why require roundness as a condition for
planethood? Gravitationally rounded objects tend to have
qualitative differences with smaller, irregular objects such
as greater internal differentiation and geological
complexity. These are admittedly subjective points, but
the distinction can be useful in planetary science. While
the study of sub-planetary objects like irregular asteroids
and comets is certainly important for planetary science
and gaining knowledge of planetary formation,
gravitationally rounded objects may be said to be more
interesting for study on an individual basis. This is also in
line with the Earth-analogous, cultural view of planets as
globe-shaped worlds.

A taxon like planet, in absence of purely objective
attributes  (like the quantized differences between
fundamental particles), is inevitably a subjective term
used for its helpfulness in categorizing the natural world,
just as the species taxon is used to distinguish between
different organisms based on subjectively chosen qualities
useful to biologists, like the general inability of two
species to produce fertile offspring. The occasional
fertility of interspecies hybrids, such as mules rarely
being able to produce offspring with horses or donkeys,
does not invalidate the species taxon, which is still
generally useful and was never objective to begin with.*
Taxa are tools for helping humans understand the
relationships between natural phenomena and are not
themselves natural laws.

As such, the geophysical planet definition provides
an alternative to the International Astronomical Union’s
planet definition without requiring the latter to be
invalidated or disused. The IAU definition defines a
planet in the Solar System as an object that:®

1. isin orbit around the Sun,

2. has sufficient mass for its self-gravity to
overcome rigid body forces so that it assumes a
hydrostatic equilibrium (nearly round) shape
and,

3. has cleared the neighborhood around its orbit.

While the utility of these points can be debated, such
as the definition being limited to our Solar System, or the
precise definition of clearing the “neighborhood around
its orbit”, the IAU definition is not wrong, as it is merely
another subjective definition.  As opposed to the
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geophysical definition, the IAU voted for a dynamical
definition that focuses on the arrangements of objects in
gravitationally determined populations. While numerous
objects exist in populations like the main asteroid belt, the
Jupiter trojans, and the Kuiper belt, the eight IAU planets
stand out as relatively solitary objects that have a more
dominating gravitational influence on the objects around
them than those objects have on each other. While it is
true that the Earth wouldn’t “clear its neighborhood” if it
were past Neptune’s orbit, this is irrelevant to the IAU
definition which is concerned with orbital dynamics and
populations.

For those more interested in the intrinsic features of
individual worlds than their orbital parameters, the
geophysical definition may be more intuitive and useful.
It may also serve to better educate the public on the
incredible diversity of the Solar System rather than
consigning objects other than the eight 1AU planets to
obscurity.

I.C. Pedagogical Precedence

A purported benefit of the IAU definition is that it
results in there being only eight canonical planets: four
inner, terrestrial planets (Mercury, Venus, Earth, Mars)
and four outer, giant planets (Jupiter, Saturn, Uranus,
Neptune). Eight planets are relatively easy to depict
visually (if one disregards a consistent scale of their sizes
and the distances between them) in simple diagrams
dubbed “planetary placemats” by astronomer Mike
Brown.® While certainly of some educational use, these
diagrams show little more than the planets’ names,
appearances, a very rough sense of their relative size, and
their order from the Sun. This can be expanded upon
through use of scaled diagrams to depict the planets’ sizes
or orbits, but planetary placemats are ubiquitous given
their comparative simplicity and approachability.

Solar System = Systéme Solaire = Sistema Solar

Fig 1. Example of a “planetary placemat” diagram made
before IAU Resolution B5 in 2006.% Note that neither the
sizes nor orbits of the planets are depicted to scale.

With the geophysical definition, the number of
planets is well beyond eight (possibly in the hundreds),
making a geophysical planetary placemat very crowded.
This may be cited as a mark against the geophysical
definition, that it is too difficult for students to learn about
so many planets, but this argument may be dubious.
While there are 118 known chemical elements, all of
these elements are depicted, alongside some useful bits of
information like proton number, standard atomic weight,
etc., in the periodic table, a staple of scientific education
included in classrooms and textbooks everywhere.
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Fig 2. The periodic table of chemical elements. (public
domain image by Wikimedia user Cepheus)

While no high school chemistry student is expected
to memorize the names and characteristics of every
element, they will probably learn about a few standout
elements (e.g., Hydrogen, Carbon, Oxygen, Nitrogen,
etc.) and the properties of different groups of elements
(e.g., alkali metals, transition metals, metalloids, noble
gases, halogens, etc.). Since Dmitri Mendeleev’s
conception of the table in 1869, the periodic table has
done a masterful job of depicting a large number of
subjects in a simple, intuitive way useful as an
educational and professional reference.

Il. THE TABLE OF PLANETS

The “table of planets” builds on the precedent set by
the periodic table to simply depict the large number of
geophysical planets based on their compositional and
dynamical attributes. Like the periodic table, the table of
planets features numbers, symbols, vertically organized
families, and other useful groupings. The table provided
in this article includes 44 planets, but just as the periodic
table has expanded with each elemental discovery, the
table of planets can be revised and updated.
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Fig 3. The table of planets. A larger figure is included in
the addendum.

I1.A. Planet Number

Each planet is assigned a number based on increasing
orbital period (chosen as a compromise between periapsis
and semi-major axis). The number is whole if the planet
directly orbits the sun (e.g., Mercury = 1, Venus = 2). If
the planet orbits another planet, it takes the host planet’s
number, with a second number added after a decimal
point to signify increasing orbital period with respect to
the host planet (e.g., Earth = 3, Earth’s Moon AKA Luna
=3.1).

11.B. Planet Symbol

Each planet is given an abbreviated symbol based on
its name. Planets with a single letter symbol are
liberplanets based on the dynamical classification of Stern
and Levison, meaning that they clear their neighboring
regions of planetesimals (e.g., Earth = E, Jupiter = J).2
Every lberplanet’s symbol is the first letter of its name,
except for Mars with symbol A. This is because M is
already taken by Mercury, A is the second letter of Mars,
and A is the first letter of Ares, the Greek name of Mars.
All other planets have a double letter symbol (e.g., Ceres
= Ce, Europa = Eu). This abbreviation system helps
depict at a glance the dynamical characteristic valued by
the AU and many astronomers.

11.C. Dynamical Families

Planets in direct solar orbit are placed in columns,
each depicting a dynamical family. Satellite planets are
placed in rows alongside their host planet. The traditional
terrestrial planets and Luna are organized in the inner
planet family. Asteroid planets (including Ceres) are in
the asteroid family. The giant planets and their satellite
planets are in the outer planet family. Trans-Neptunian
planets are distributed between the Kuiper belt, scattered
disk, and detached families.

11.D. Compositional Types

Each planet is given a compositional type. Terrestrial
planets are chiefly composed of rock, asteroidal planets of
rock and hydrates, gas giants of hydrogen and helium, ice
giants of other gases and ices, and glacial planets of rock
and ice. All trans-Neptunian objects are currently
categorized as glacial planets, as are all satellite planets
except for Luna, lo, and Europa. While Europa is
covered in ice, it has a predominantly rocky composition
and an average density (3.02 g/cm?®) closer to those of
other terrestrial planets (e.g., Luna = 3.34 g/cmq) than the
glacial planets (e.g., Ganymede = 1.94 g/cm?).

I1.E. Remnant Planets

Some objects are included as “remnant planets” and
their symbol is marked with an asterisk. An interesting
edge case of the geophysical definition exists with objects
that originally formed with a spheroidal, equilibrium
shape but have since been deformed by impacts. While it
can be argued that these objects are not planets by the
geophysical definition, their inclusion helps draw
attention to interesting objects at the edge of the planet
taxon that are certainly of greater individual interest than
most sub-planetary objects. The asteroids Vesta and
Pallas are included on this basis, as are the Saturnian
moon Phoebe and the Neptunian moon Proteus.”8%10

It is also up for debate whether these objects are still
spheroidal enough to be considered planets outright, given
that the geophysical definition sets no specific criterion
for roundness other than the object being “adequately
described by a triaxial ellipsoid”, with the precise
meaning of “adequately described” being left open to
interpretation. Regardless, the study of remnant planets
may help elucidate the processes of planetary formation in
ways that other objects cannot and their inclusion in the
table helps indicate their scientific value.

While the Saturnian moon Hyperion is intermediate
in diameter between the remnant planets Proteus and
Phoebe, Hyperion’s shape is highly irregular. Its porosity
is quite high with a void fraction of approximately 0.46,
indicating that its accretion is quite loose.'* It is possible
that Hyperion is the result of fragments from the breakup
of a much larger, spheroidal proto-Hyperion loosely
reaccreting (with other fragments impacting neighboring
Titan with which Hyperion is in a 3:4 mean-motion
resonance).’? For these reasons, Hyperion is merely
regarded as a large sub-planetary object, as it is not itself
a bombarded spheroid, but reaccreted debris. It may be
argued that the remnant planet concept should be
expanded to include this case, and later versions of the
table may reflect this.

Il.LF. Other Notable Inclusions (Hygiea, Interamnia,
Puck, and Trans-Neptunian Objects)



In addition to the inclusion of the remnant planets
Vesta and Pallas, the asteroids 10 Hygiea and 704
Interamnia are included as planets outright. While Ceres
is the only asteroid currently regarded by the IAU as a
dwarf planet, Hygiea and Interamnia (the fourth and fifth
most massive asteroids, respectively) have been recently
found to have regular spheroidal shapes. Hygiea has a
nearly spherical shape according to observations with the
VLT/SPHERE instrument, while Interamnia’s spheroidal
shape is consistent with an object that formed in
hydrostatic equilibrium before having its rotational period
changed.’®!* The next largest asteroids, 52 Europa and
511 Davida, appear to have significant departures from an
ellipsoidal shape.!* Regardless, asteroids in addition to
Hygiea and Interamnia may soon be revealed as planets
(remnant or outright) as observations improve.

Despite its diminutive size with a mean diameter of
162 km, the Uranian moon Puck is also included as a
planet. Discovery images taken by Voyager 2 show that
the object is quite spherical with “a polar radius at least
95% of b and an axes ratio b/a of 0.97 + 0.04”.> While
little is known about Puck aside from its shape and icy
composition, this currently smallest planet is included in
the table barring further information that would result in
its reclassification.

Of the trans-Neptunian objects, several of the largest
bodies have been included alongside the planets Pluto and
Charon. This includes the remaining IAU dwarf planets
Eris, Makemake, and Haumea as well as Orcus, Salacia,
Quaoar, Gonggong, and Sedna. Including these objects
and not more was a subjective choice, given the relative
confidence that these objects are large and massive
enough to have spheroidal shapes. While there may be
hundreds and perhaps thousands of trans-Neptunian
planets, there is reason to believe that most candidate
objects with diameters below 1000 km may be too porous
to have reached shapes near equilibrium, given their low
densities.!® This means even trans-Neptunian objects as
large as Orcus and Salacia may not be planets.
Regardless, more observations are required of these
distant, poorly understood objects and the table is
certainly open to revision. Perhaps even the largest
centaurs will one day be known as planets, with objects
such as 10199 Chariklo, (523727) 2014 NWss, and 2060
Chiron having diameters above 200 km and being listed
as possible dwarf planets by Mike Brown.Y

111. CONCLUSION

The table of planets is offered as a simple way of
displaying information about the wide array of
geophysical planets that is useful at a glance. Regardless
of whether one wants to exclude remnant planets or
include more trans-Neptunian objects they feel have a
sufficient likelihood of being round, the table of planets

framework can be easily adapted. Dynamical families
can be added (such as dividing Kuiper belt objects into
cubewanos and resonant objects), compositional types can
be changed, the numbers can be ordered with increasing
periapsis instead of orbital period, etc. The framework
can easily accompany whatever specific information is
desired just as different versions of the periodic table
display different parameters of interest for the chemical
elements. Whether alone or alongside other visual aids,
the table of planets can help reveal the organization and
diversity of our increasingly observed, but ever
mysterious, Solar System.
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ADDENDUM

GEOPHYSICAL PLANETS OF THE SOLAR SYSTEM

Per the geophysical definition,' an object is a planet if:
1) it has never achieved nuclear fusion {substellar)
2) it is rounded by its own gravity (shape is spheroidal and regular)

A ling to this

Pluto, some

, and the Earth's moon (AKA Luna) are planets. For objects in the Kuiper Belt and beyond, this

chart features the most likely planet candidates and is subject to change. Objects that were formerly round and have since been deformed by impacts
are included here as remnant planets and are marked with an asterisk.
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