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STAR PARTY

e 10PM TUES 12 AUG e+ attendance optional
(this is just for fun)

¢ meet at 10pm in front
of Campbell Hall

e don't be late
e my cell 510-207-2236

* may be cancelled if
weather is bad
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EARLY PLUTO STUDIES

e limited by ¢ technology started

technology: improving rapidly in
- instruments the 1970s
- computers
- atmospheric
absorption

- “seeing”
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PLUTO FACTS ( review)

satellites

surface ices
greenhouse effect
sublimation/depositi
on cycle

¢ photochemistry

* temperature
contrasts

e density
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Pluto System = February 15, 2006 NEW
MOONS OF
PLUTO

Hubble Space Telescope = ACS/HRC

THE OCCULTATION

LIGHTCURVE
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Fig. 4.7: The lightcurve obtained by the Kuiper Aitborne Observatory during the occul-

tation of a star by Pluto on June g, 1988. The upper diagram shows the apparent track

Pluto
alone 7l

NASA, ESA, H. Weaver (JHUIAPL), A. Stern (SwRI),
and the HST Pluto Companion Search Team
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Fig. 4.9: Top: The extents of the atmospheres surrounding Earth, Titan, and Pluto are
shown to scale for comparison. The limits shown represent in each case the upper sta-
bility limit, known as the exobase. Pluto’s tenuous outer atmosphere is huge compared G481 2008-08-05 7
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PLUTO’S LIGHTCURVES
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Fig. 2.2: The change in Pluto’s lightcurve over almost 30 years, from 1954 to 1982.
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HADLEY CELL

Large-scale convective heat transport
by convection

CHARON FACTS (review)

* grey, low contrast

* jces and hydrates on
surface
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e grey like Charon
® 70% ice, 30% rock

G481 2008-08-05 15

HYDRATES

¢ solids
’ . containing
water +
ga other
o Ju
‘ . gases
TRITON
¢ surface
composition
similar to Pluto’s Z o

* signs of geologic
activity
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VOLATILE CYCLES and
related processes

January 1997

&

¢ volatiles -- things ® energy sources
that easily change October 1996
state

® reservoirs of
volatiles

March 1997

Mars * North Polar Cap
Hubble Space Telescope * WFPC2

PRCY7-15b + ST Scl OPO - May 20, 1997 + P. James (Univ. Toledo), T. Clancy (Space Science Institute), S. Lee (Univ. Colorado) and NASA
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MARS

¢ small permanent polar
caps
¢ large seasonal polar caps

¢ up to 1 meter of CO, ice
in the seasonal caps at
70°+ latitude

e at Viking 1 lander
position (23° N)
pressure varied from 6.8
mbar to 9 mbar
seasonally




€0, pits in
the
southern
ice cap
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° [02 pits
in the
southern
ice cap

¥
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_T lar radiation

condensed ~

substances

seasonal
“condensation
flow” on Mars
temperature
drives
condensation/
sublimation...
pressure
varies...

gases flow in
response
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MAR

¢ frost at the Viking 1
lander site
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WATER
CYCLE

¢ also known as
hydrological cycle

e Earth is the only
planet with liquid
water

¢ Titan has surface
liquids of ethane
and/or methane
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ROBERTA

GONZALES
CBS5
Weather
Anchor

MENTAL
EXERCISE

WHICH SENTENCE IS
INCORRECT?

A. Warm air...
B. That vapor...
C. As clouds rise...

D. The water
vapor...
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colorized Huygens ¢ Titan has surface
- probe image liquids of ethane
Average Annual precipitation mm. [in.] and/OI' methane

W 3000 [120] WM2000 [s0] MH1000 [40] [W500 [20] [E250 [10]) [ below 250
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Cassini RADAR
Observations:
Titan’s
Hydrocarbon Cycle

Methane replenished

from surface/subsurface

via ammonia-water =

cryovoicanism : : ... debris also somehow
T S aggregates into ~ 200 pm

particles, supplying material

from which dunes form Courtesy S. Wall




maximum atmosphere minimum atmosphere
atmosphere condenses atmaosphere forms
{methane vapor
and nitrogen)

VoI,

kX

RO
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old surface layer virtually clean new frost darkens as frost sublimes,
of frost and dark frost layer due to radiation dark deposits
deposits from forms damage and are left behind
last orbit sunlight
1 2 3 4
Pluto’s
orbit
g al'ﬁst's Concepti on ® liqUid hydrocarbons perihelion aphelion
recently confirmed by
spectroscopy
Fig. 4.1: The cycle of seasonal change and frost deposition affecting Pluto’s surface.
Atmosphere
THE CARBON CYCLE =
Volcanoes Rain washes (weathering) s
emit CO., out ? ; A
i ey ‘ CaSiO, + CO, == CaCOj + SiO,
- {metamorphism)

./ Rivers wash cations
‘and bicarbonate o ocean o
CaCO, and Si0, deposits L0
as sediment on seaffoor

<= ~-Marine organisms -
3

oceanic crust continental

B ol depos Ol and gas deposit
/ crust o e
Sediment subducts to mantle B s eriary rocks sl Sl || ’

source of wolcanoes 86 000 000 - 100 000 000

[Processes lettered in blue are absent in a snowball Earth] The present carbon cycle
From a lecture by Paul Hoffman & Daniel Schrag (1999) Volumes and exchanges in billions of tonnes of carbon

GRAPMIC DESIGN 1 PHILIPPE RERACEWICE
GIRITID) (%) Surface sediment
Arendal yner
150
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CO, INCREASE ON THE EARTH
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GREENHOUSE EFFECT
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GREENHOUSE GASES

Halocarbons
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diagram of
the human-
produced
greenhouse
gases

also:

e ground-
level ozone

HYDRATES

* hydrate
(white)
from 708
meter

¥ “4 . depthin
! “ sea of

I E okhotsk

HYDRATES

Methane released to
the atmosphere
¢ LS

¢

Gas hydrates break down
due to warming from
ocean water

¢ may affect
climate by
releasing
methane

Sea level 2




RUNAWAY GREENHOUSE

i Dissociation of Water

¢ higher temperature  ® eventually no
leads to more water oceans are left
in the atmosphere e water at the top of
e water acts as a the atmosphere is
greenhouse gas, exposed to solar UV
Sunlight ’ \Haabsorbed increasing e water is dissociated;

striking infrared

surface radiation temperature on the hydl'ogen escapes

s | surace planet
emitted PR - Pp—
from surface




