Celestial Mechanics

Learning Objectives

« Connect planetary motions with the causes of these motions
« Orbits as a consequence of gravitation
« Connect orbital elements and conserved physical quantities



Hypothesis

What keeps the planets in motion
IS something that

and dilutes with distance.

Stuff close in moves fast
stuff far out moves slow



Geometric dilution

The same amount of light,
expanding spherically outwards,
crosses progressively
larger areas.



Inverse square
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As distance increases, the same energy
spreads through a larger area



Vi<V<V,
V,<Vo<V



” And the same year [1665] | began to think of
gravity [...] from Kepler’s rule of the periodical
times of the planets being in a sesquialterate
proportion of their distances from the centers
of their orbs, | deduced that the forces which
keep the planets in their orbs must be
reciprocally as the squares of their distances
from the centers about which they revolve:
and thereby compared the force requisite to
keep the moon in her orb with the force of
gravity at the surface of the earth, and found
they answer pretty nearly.”

— Isaac Newton, 1665-1666

Isaac Newton, 1642-1727



” And the same year [1665] | began to think of
gravity [...] from Kepler’s rule of the periodical
times of the planets being in a sesquialterate
proportion of their distances from the centers
of their orbs, | deduced that the forces which
keep the planets in their orbs must be
reciprocally as the squares of their distances
from the centers about which they revolve:
and thereby compared the force requisite to
keep the moon in her orb with the force of
gravity at the surface of the earth, and found
they answer pretty nearly.”

— Isaac Newton, 1665-1666

22-23 y-old Isaac Newton,
1642-1727


















Stellar Mass (Mg)

100

-
o

N
o

0.1

0.001

0.01

0.1 1.0 10

Planetary Orbital Semi-Major Axis (AU)

100



Orbital Period [Days]

[ [ [ [ [
exoplanets.org | 10/2/2013

1004

Q

0.1
Semi-Major Axis [Astronomical Units (AU)]




/ Mars
-~ (@, = 1.52 AU)

Hohmann Ellipse




1000

L llll"l

Eris
Makemake

Pluto
100 ¢ Neptune
' Uranus
’Satum
10 ,‘/.Juplter
Ceres
g 1 ‘Mars
= "Venus
, Mercury
0.1 7
R4
/7
001 p
/
7
7/
0.001 l 1 1 llll.‘/ 1 1 lllllll 1 1 lllllll 1 1 lllllll 11 lllllll 1 1 lllllll
0.001 0.01 0.1 1 10 100 1000
a (AU)

Copyright © 2010 Pearson Education, Inc.



axis of
rotation

L=rXxr




Types of orbit

Hyperbola -\

Orbit Type Eccentricity = Energy

Circle e=0 E=E

min

Ellipse O<e<l E_<E<O

Parabola e=1
Hyperbola e>1




Conic Sections
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Figure 4.1



Types of orbit: Conic Sections
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Asymptote
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Effective Potential (A =1, B = 2)
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Uy = A/r?— B/r

Effective Potential (A =1, B = 2)
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Um = A/l’z— B/r
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Effective Potential (A =1, B = 2)
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Effective Potential (A =1, B = 2)
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Effective Potential (A =1, B = 2)
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Halley’s comet




Halley’s comet
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Number of Comet:

Figure 1a: Comet Semimajor Axis Distribution

Otbital Period: < 200 years
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Figure 1b: Comet Eccentricity Distribution
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Numb er of Comet:

A majority of comets have parabolic orbits

Figure 1a: Comet Semimajor Axis Distribution Figure 1b: Comet Eccentricity Distribution
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Figure 1c: Comet Orbital Inclination Distribution
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Figure 1e: Comet Argument of Perihelion Distribution
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Figure 1d: Comet Longitude of the Ascending Node
Distribution
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Oort Cloud




Barycentric
Orbits
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Barycentric Orbits

NH LORRI OPNAY CAMPAIGN 1
2014—-07-1% 02:30:00 UTC

Distance te Plute: 429375336 Km
(Proper Moticn)







Potential of oblate bodies

Newton’s second theorem

“A spherically symmetric body affects external objects
as if all its mass was concentrated in its center”




But planets are not spherically symmetric




Oblateness caused by rotation

Gravitational Potential
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(I)g(ra¢90) ==

J> (x106) J, (x10°6) Jg (x10°6)

Jupiter 14696.4+/-0.2 587+/-2 34+/-5
Saturn 16290.7+/-0.3 936+/-3 86+/-9
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