Dwarf Planets and Kepler's Third Law

Pluto

!

Orcus
.

Charon

Haumea

\aruna

Makemake

Quaoar
.

Object Distance | Period
(AU) (years)
Mercury 0.4 0.24
Venus 0.7 0.61
Earth 1.0 1.0
Mars 1.5 1.88
Ceres 2.8 4.6
Jupiter 5.2 11.9
Saturn 9.5 29.5
Uranus 19.2 84.0
Neptune 30.1 164.8
Pluto 39.4 247.7
IXion 39.7
Huya 39.8
Varuna 42.9
Haumea 43.3 285
Quaoar 43.6
Makemake 45.8 310
Eris 67.7 557
1996-TL66 82.9
Sedna 486.0
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Astronomers have detected over 500
bodies orbiting the sun well beyond the orbit
of Neptune. Among these 'Trans-Neptunian
Bodies (TNOs) are a growing number that
rival Pluto in size. This caused astronomers to
rethink how they should define the term
‘planet'.

In 2006 Pluto was demoted from a
planet to a dwarf planet, joining the large
asteroid Ceres in that new group. Several
other TNOs also joined that group, which now
includes five bodies shown highlighted in the
table. A number of other large objects, called
Plutoids, are also listed.

Problem 1 - From the tabulated data, graph
the distance as a function of period on a
calculator or Excel spreadsheet. What is the
best-fit: A) Polynomial function? B) Power-law
function?

Problem 2 - Which of the two possibilities can
be eliminated because it gives unphysical
answers?

Problem 3 - Using your best-fit model, what

would you predict for the periods of the TNOs
in the table?

http://spacemath.gsfc.nasa.gov
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Problem 1 - From the tabulated data, graph the distance as a function of period on a
calculator or Excel spreadsheet. What is the best-fit:

A) Polynomial function? The N=3 polynomial D(x) = -0.0005x3 + O.1239x2 +2.24x - 1.7
B) Power-law function? The N=1.5 powerlaw: D(x) = 1.0x™°

Problem 2 - Which of the two possibilities can be eliminated because it gives unphysical
answers? The two predictions are shown in the table:

Object | Distance | Period N=3 N=1.5
Mercury 0.4 0.24 -0.79 0.25
Venus 0.7 0.61 -0.08 0.59
Earth 1 1 0.66 1.00
Mars 15 1.88 1.93 1.84
Ceres 2.8 4.6 5.53 4.69
Jupiter 5.2 11.9 13.22 11.86
Saturn 9.5 29.5 30.33 29.28
Uranus 19.2 84 83.44 84.13
Neptune 30.1 164.8 164.34 165.14
Pluto 39.4 | 247.7 | 54831 247.31
Ixion 39.7 251.21 250.14
Huya 39.8 252.19 251.09
Varuna 42.9 282.94 280.99
Haumea | 43.3 285 286.99 284.93
Quaoar 43.6 290.05 287.89
Makemake| 45.8 310 312.75 309.95
Eris 67.7 557 562.67 557.04
1996-TL66| 82.9 750.62 754.80
Sedna 486 -27044.01 10714.07

Answer: The N=3 polynomial gives negative periods for Mercury, Venus and Sedna, and poor
answers for Earth, Mars, Ceres and Jupiter compared to the N=3/2 power-law fit. The N=3/2
power-law fit is the result of Kepler's Third Law for planetary motion which states that the cube
of the distance is proportional to the square of the period so that when all periods and

distances are scaled to Earth's orbit, Period = Distancegl2

Problem 3 - See the table above for shaded entries
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