| :. Lt ‘Q 2 - \
® The LittleThings =~ ™ -~ |
®. Comets ~ =% | in SR G e

Lo Dwa!’f Planets -




Comets

a Comet Hyakutake.




Within frost line, rocks and metals Beyond frost line, hydrogen compounds,
condense, hydrogen compounds . rocks, and metals condense. N
slay gaseous.

Within the solar nebula,
98% of the material is hydrogen
and helium gas that doesn’'t condense anywhere.

FROST LINE at about 3.5 AU

Inside the frost line: Too hot for hydrogen compounds to form ices
- only get rocky asteroids and planets

Outside the frost line: Cold enough for ices to form
- get 1Icy moons and comets
- 1ce 1s a major component of their total mass




Comet Facts

 Formed beyond the frost line, comets are icy
counterparts to asteroids.

* Nucleus of comet is a "dirty snowball."”
— rubble pile of ice, rock, & tar with a hard coating

* Most comets remain perpetually frozen in the outer solar
system and never develop talils.

* Only comets that enter the inner solar system grow tails.

— 1.e., the "apparition” of a comet is its brief-lived summer
season while it is inside the ice line.

* Most comets on highly elliptical orbits
— often highly inclined (out of ecliptic plane)



Anatomy ot a Comet

* Nucleus: actual object

 Coma 1s atmosphere that
comet's comes from heated nucleus

to Sun

eoma of.é_sca'ping gas-_:. ;

* Plasma tail 1s gas escaping
from coma, pushed by solar
wind.

e Dust tail 1s pushed by
photons.

nucleus

e Larger debris follow
comet’s orbit; source of
meteoroids.
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Growth of Tail

Nucleus warms
and begins to
sublimate.

lails form by about T AU from
Sun; tails point away from Sun.

Gas coma begins to
form around nucleus ¢
when comet is about Y Dust tail is
5 AU from Sun. :  pushed by

& sunlight.

solar radiation ———

solar wind

Solar heating diminishes; coma

and tail disappear between 3 , :

and 5 AU from Sun i Plasma tail
Larger particles are S is swept
unaffected by sunlight - back by
or solar wind. solar wind.




Comets eject small particles (meteoroids) that follow the comet
around 1n 1ts orbit and cause meteor showers when Earth crosses
the comet’s orbit.




annual meteor showers

o

Nucleus warms
and begins to
sublimate.

Tails form by ‘T AU from
Sun; taifs po ay from Sun.

Gas coma begins to
form around nucleus
when comet is about Dust tail is
5 AU from Sun. pushed by

solar radiation

solar wind

o

Solar heating diminishes,; coma

and tail disappear between 3 : :

and 5 AU from Sun. i Plasma tail
Larger particles are S is swept
unaffected by sunlight - back by
or solar wind. solar wind.

https://www.meteorshowers.org/view/Perseids
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Only a tiny number of
st of Gort dlsiia comets enter the inner
e et solar system; most stay
| far from the Sun.

Neptune's orbit

Oort cloud:
On random orbits

extending to about
~ Kuiper belt: - S0,000 AU

«Extends from about
30-50 AU .

« about 100,000 comets
more than 100 km

across . K uiper be lt.

«Comets orbit in the

. \ i [ ]
Oortcloud: , - ™ same plane and On orderly orbits from
«Extends out to about 50,000 AU difection as planets

" «Contains about a trillion comets | : g 30—50 AU in dlSk Of

_+Comet orbits have random tilts and X

eccentncmes e : | . S()lar system




Have we ever witnessed a major impact?




new orbit after

Comet SL9 caused a string of Jupiter

encounter/,..

violent impacts on Jupiter in 1994, A
reminding us that catastrophic :
collisions still happen.

Tidal forces tore it apart during a
previous encounter with Jupiter.

comet orbit before
Jupiter encounter




50 Km

This crater chain on Callisto probably came from another
comet that tidal forces tore to pieces.




Comet Shoemaker-Levy 9 (SL9)

v, Comet breaks up
N\ 8July, 1992
0.0006 AU — 5%

-

Note timing of break-up,
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Comet SL9 passed within Jupiter’s Roche limit and was disrupted into fragments.

These fragments subsequently collided with Jupiter's at a speed of approximately
60 km/s (Jupiter’s escape velocity).



SL9 movies

Jovian weather
forecast for 16-22
July 1994: a steady
rain of comet
fragments in the
southern hemisphere.

Impact sites from fragments of comet SLY 1n infrared light



Impact sites - dusty 1n optical light. All at same latitude.



Kuiper Belt

e disk of objects
beyond the orbit of
Neptune

e Like more distant, icy
version of asteroid

belt

e Many small objects;
some large ones (like

Pluto)




Pluto 1s the first known example of
large Kuiper Belt objects




What 1s Pluto like?

e Its largest moon Charon 1s nearly as large as
Pluto 1tself.

— Tidally locked: perpetually face each other.
— also has 4 tiny moons

e Pluto 1s very cold (40 K).

e Pluto has a thin nitrogen atmosphere that
refreezes onto the surface as Pluto’s orbit
takes 1t farther from the Sun.



Hubble's View of Pluto and Ilts Moons

-
Charon

a This Hubble Space Telescope photo shows Pluto and its five
known moons, along with orbital paths for the moons.
Horizontal stripes are scattered light from Charon and Pluto in
the long exposure.
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What 1s Pluto like?

 Summer ending (perihelion in 1989)

New Horizons at Pluto
2015 New Horizons Launch (provisional)

2006

N. Summer Solstice

20304 Perihelion

w! 989

Discovery of Charon
1978

Pluto Orbit &
New Horizons trajectory

1969
Apollo
Moon Landing

1957

1855 . Launch of Sputnik

Birth of
Percival Lowell

o

1865

Aphelion

End of U.S. Civil War

1930
Discovery of Pluto

1905 1906
Birth of Gerard Kuiper Birth of Clyde Tombaugh



Pluto's Orbit

/ -1 70

Interactive Figure

* Pluto will never hit Neptune, even though their orbits
cross, because of their 3:2 orbital resonance.

* Neptune orbits three times during the time Pluto orbits
twice.









What 1s Pluto like?

Ice mountains.

Nitrogen glaciers & 1ce cap.

Ice volcanoes.

— Surprisingly young surface

— Nitrogen atmosphere both refreezing onto surface
— and evaporating into space



Pluto’s maximum
principal axis of inertia

(Pluto’s spin axis)

90° N

Sputnik
Planitia

270° E

N ((BRE- Pluto’s
2lviies MRiva - “«F ' 'Charo intermediate
principalfaxisfeffinential point) principal axis
of inertia
(Pluto-Charon (Pluto’s orbital axis)

30° S tidal axis)

Pluto

R =1,187 km
M = 1.3 x 1022 kg



Ice mountains nitrogen glaciers







Sputnik Planitia, Pluto

New Horizons

b

ket cellular terrain

(N, rich volatile ices) basin rim

chaos

glacial flow

ocean uplift water ice
crust

liquid water
silicate core ocean



Competing hypotheses for Sputnik Planitia

- Impact basin filling in with nitrogen ice in thin spot of
crust over upwelling subsurface ocean

- Ice cap at coldest latitude (30° on Pluto!) whose weight
presses down on water ice to compress & sink basin







Pluto’s atmosphere looking back towards the sun

Thin nitrogen atmosphere
some being lost to space;
some re-freezing onto single ice cap (Sputnik Planitia)




Charon

Charon is very different

no atmosphere
darker surface
more craters
long chasms




Other Icy Bodies

~ Dysnomia

Sedna

Charon
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There are many icy
objects like Pluto on
elliptical, inclined orbits
beyond Neptune.

The largest of these,
Eris, was discovered in
2005, and is even
larger than Pluto
(motivating its
demotion to dwarf
planet status).



Dwart Planets

e Large Kuiper Belt objects like Pluto now
considered “dwarf planets.”

 Good nomenclature?
— Are Pluto et al. just really big comets?

e Reason you care: you should know the
names of the planets for the exam. You don’t
need to know all the dwart planets.



Dwarf planets of the Kuiper belt
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There are many, many smaller (but still large)
bodies in the Kuiper belt




Dwarf Planets - there’s a lot out there!

1996 TC36 2001 KD77 2002 VE95 2002 VU130 2003 AZ84 2003 VS2 2004 PF115 2006 HJ123
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1996 TP66 2000 GN171 2001 QF298 2002 VR128 2002 XV93 2002 XV93 2004 EW95 2004 UX10

2007 UK 12
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1996 TL66 2002 PN34 Ceto 1999 KR16 2005 QU182 2007 OC10
2007 OR10
2001 XR254 2001 RZ143 Sila 2003UR292 2007 OK67 2002 KW14 iios 28‘“9
2002 KX14 2001 QY297 2002 GV31 Teharonhiawako 2005 EF298 Altjira 2001 KA77 2002 sts 2005 RN43 Sam.a
2010 EK139 2001 YH140 2000 YW134 2006 SX368  Haumea Orcus
1000 km
Sedna 2003 AZ84 1997 CS29 Thyphon 2005 TB190 Makemake E—

These are just the bigger things in the Kuiper belt.
As in the asteroid belt, there are many more smaller objects.



Many of the recently discovered dwarf planets have orbits on
one side of the solar system. This leads to a hypothesized
massive Planet 9 that their orbits are in resonance with.

2015 RF88 2014 SR34G  2012VWP113  Neplune




