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Mercury Our Moon
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Mantle

Earth Earth’s 1ron core 1s 55% of the
diameter of the entire planet,
or 17% of its volume...

Mercury Fn 3 3% — R 8 584Z &
BRI ARG Z 3 KEZKE R
THEERTENITE

...whereas Mercury’s 1iron core
1s about 75% of the planet’s
diameter, or 42% of its volume.

i
=
S
L TR
b
e _ A i
; RS S,
R
- :v_ nl
B - d

Mantle Mercury



1. The floors of these craters were flooded
by lava from Mercury’s interior.

" ¢

o, 2. Some time after the lava
gl cooled, Mercury’s crust
" ' contracted to form this scarp.
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A long scarp (
Sep 29, 2009
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(MErcury Surface, Space Environment, Geochemistry,
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Direction of planet’s
orbit about the Sun.

Most planets exhibit
prograde rotation: the
direction of the planet’s
rotation around its axis is
the same as the direction of
orbital motion.

Prograde rotation




Direction of planet’s
orbit about the Sun.

Venus exhibits retrograde
rotation: its rotation around

Its axis is the opposite of the
direction of orbital motion.

Retrograde rotation
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1. Sunlight arrives 2. 39% of sunlight is 6. Remaining
at the Earth. reflected by clouds infrared
and the surface. radiation “leaks™
Into space.

5. Some
infrared
Atmosphere radiation
is trapped by

atmosp h-“h,
. Sunlight heating both
that ld“ not atmosp 1:1“
reflected and surface,
15 absorbed
by surface, 4. Heated surface em
he: ating 1t. infrared r:a_r:h:a.tlc::-n.




Greenhouse effect
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Volcano (Maat Mons 8 km tall) on
Venus by the Magellan radar, with
the coloring based on the Soviet
\enera 13 lander (1982). Astronomy

Picture of the Day, 28 September
1995



http://antwrp.gsfc.nasa.gov/apod/image/maat_mons.gif
http://antwrp.gsfc.nasa.gov/apod/image/magellan_sc.gif

A global view of Venus by Magellan
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* Kinetic energy of a moving objeet

° Kinetic energy of a gas atomm/molecule
k =1.38 x 10-23 J/K (Boltzmann constant)

0 E G FEE~0.5 km/s
B H S 40 FHzE ~1.9 km/s




* Escape speed for a planet
M: mass of the planet

R: radius of the planet Vescape ™= =
G=6.67 x 1011 N m4/kg

Planet |Escape speed (km/s)| #& B & °» R4 FiE& E W,
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http://solarsystem.nasa.gov/multimedia/gallery/PIA06064.gif
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Dish antenna
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Extendable arm ends in
a scoop for retrieving
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Date: 11 Feb 2004

Satellite: Mars Express

Complex caldera region at the summit of
Olympus Mons on Mars. The caldera has a
depth of about 3 km.

The image is about 102 km across with a
resolution of 12 m per pixel, and was taken
from a height of 273 km.

Copyright: ESA/DLR / FU Berlin (G. Neukum)
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¢ Pathfinder lander Z& Sojourner

Animation:
http://pat.jpl.nasa.gov/public/RIVVA/images.html
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Martian sunset by Pathfinder
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A topographic map Of Mars made by the laser altimeter on board the Mars Global Surveyer.

Colors indicate elevations. Note the elevated southern hemisphere, except the impact feature called Hellas

Planitia. Landing sites of Viking Landers (VL) 1 and 2, Mar Pathfinder (MP), Mars Exploration Rovers (Spirit
and Opportunity), and Phoenix are marked.
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What happened to Mars?



Percent abundance of water (by mass)

High concentration of
subsurface water In the

§ polar regions
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NASA/JPL-Caltech/MSSS/Damia Bouic - http://www.db-prods.net
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Curiosity & Mount Remarkable in Gale Crater Sol 603 Credit: NASA/JPL-Caltech/Ken Kremer/Marco Di Lorenzo




SCIENTIFIC

AMERICAN" 2014.12.16 3TE K EHR A E A E F It 18

NASA Rover Finds Mysterious
Methane Emissions on Mars

New results suggest evidence for extraterrestrial life could be near at hand

“Most of the methane on Earth is produced by biology, and the hope has been that
‘methane on Mars’ could be reduced to ‘life on Mars,” says lead author Chris Webster,
o o a senior research scientist at NASA’s Jet Propulsion Laboratory in Pasadena, Calif.
pecember 6 201 | Bytes Bilinos “But we cannot yet distinguish whether the high methane levels we’re seeing are being

Is there life on Mars? The answer may be produced geochemically or biologically.” Webster and his team believe the unexpected

blowing in the wind. bursts of methane are produced relatively nearby, somewhere north of the rover,

NASA’s Curiosity rover has detected before being carried to Curiosity on prevailing winds.

fluctuating traces of methane — a possible

sign of life — in the thin, cold air of the The findings are a dramatic reversal from Curiosity’s earlier results released one year

Martian atmosphere, researchers ago, in which it used data gathered over a third of a Martian year to all but rule out

ed today at eting of tl . .- ) ) . -
annonneed focay at a meetng of fhe significant quantities of methane in the Martian air. That null result, it is now clear,
American Geophysical Union.

was due to the actual background level of Martian methane lying just below the

Across Mars and within Gale Crater, where threshold of detectability for the standard operations of Curiosity’s instruments.

Curiosity is slowly climbing a spire of
sedimentary rock called Mount Sharp, the
methane exists at a background
concentration of slightly less than one part
per billion by volume in the atmosphere

(ppb)- However, for reasons unknown, four
NASA's Curiosity rover, seen here in a self-portrait

from spring 2014, has found conc 'dence of
rover measured much higher methane methane in the atmosphere of Mars

potential sign of '111911 hte thouvh it could 1h:)he
produced throu

times across a period of two months the

abundances, at about ten times the
background level. Further in-situ studies of
the methane emissions could help pin down

whether Mars has life, now or in its deep past, though it is unclear when or if those

studies will ever take place. The findings are published in the journal Science.
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Unfavorable opposition: Mars

TG IS at opposition near aphelion.

Orbit of May 22
Mars e e
v ~Orbit of ' o

May
/ Apr.

~

Martian orbital
Mar. 2012

A ‘g«Mamh 3 period 1.88 yrs

Favorable opposition: [N
Mars is at opposition /2010

January 29

near pe rihelion. 200; >
November 7 — “2 e

December 24

Mars opposition, P=780 d
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1976 Viking 1998 MOC 2001 MOC

1998 by Mars Orbiter
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http://educ.jmu.edu/~johns2ja/illusion/illusion.htm
http://thesituationist.wordpress.com/2008/02/23/seeing-faces/
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http://marsrovers.jpl.nasa.gov/gallery/press/spirit/20050421a/1114044227_4922-1_dd_rad_456-A462R1.gif

The High Resolution Stereo Camera aboard Mars
Express (ESA) took this image of Phobos on March
7, 2010. Aflyby distance of 67 km yielded a
resolution of about 4.4 m per pixel.

These color-enhanced views of Deimos, the smaller of the two
moons of Mars, result from imaging on Feb. 21, 2009, by the

High Resolution Imaging Science Experiment (HIRISE) camera
on NASA's Mars Reconnaissance Orbiter.

2 km



Solar eclipses on Mars

Transit of Phobos as seen by the Opportunity rover

http://www.youtube.com/watch?v=qu8xe A4Pyuw



//upload.wikimedia.org/wikipedia/commons/e/ec/PIA05553.gif
http://www.youtube.com/watch?v=qu8xeA4Pyuw

Chemical Composition of 3
Planetary Atmospheres

\Venus Earth | Mars
Nitrogen N, 3.5%| 78.08%| 2.7%
Oxygen O, ~0| 20.95% =0
Carbon dioxide CO, 96.5%| 0.035%| 95.3%
Water vapor H,0O 0.003% ~1% | 0.03%
Other gases ~0 ~0 2%




Atmospheres of the Terrestrial Planets

Temperature {°C) Temperature {(°C) emperature (°C)
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Clouds are rare above 12 kmon  Venus has a thick atmosphere Martian atmosphere is thin, with a

Earth. with perpetual cloud layers, with  surface pressure the same as that at an
the 1 atm pressure 50 km above altitude of 35 km on Earth. High clouds
the Venusian surface. are possible.
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a Voyager 1 view

b Voyager 2 view
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Turbulence downwind
of the Great Red Spot

Winds within the Great Red Spot
circulate counterclockwise.

19794
MR %

Winds on the north side of the
Great Red Spot flow westward.

NALBEI
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#16:K 54
— 3

Winds on the south side of the
Great Red Spot flow eastward.

P

»yE “‘ 5 diameter




Great Red Spot New storm

Jupiter’s “Red Spot” Jr., a new storm formed between 1998 and 2000,
travels around Jupiter at a different rate from the Great Red Spot.



The Great Red S pot lies
.‘\*v":thn-l a "‘-‘,"}I:[-f Zone.

fa) Pioneerl 1, December 1974 (b) vovager ,July 1979 (c)
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Wind speed > 500 km/h
Zonal wind patterns

_Z South

?
Upper
atmosphere

~ Cool material Warm material
sinking? rising?

To Jupiter’s Centerl Belts and zones are caused by
rising and falling gases.




IR Image taken at
the same time

\Voyager 1 optical image

Great Red Spot

a) Visible-light image {b) Infrared image

Warm belts and cool zones



Vertical structure of the atmosphere of Jupiter

The temperature drops together
with altitude above the tropopause.
The Galileo atmospheric probe
stopped transmitting at a depth of
132 km below the 1 bar "surface”
of Jupiter. No ‘mesosphere.
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http://en.wikipedia.org/wiki/Atmosphere of Jupiter



http://en.wikipedia.org/wiki/Atmosphere_of_Jupiter
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Callisto ( XM )
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http://home.houston.rr.com/gschaeffer/astropix/sat 3-19-04.html
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http://www.jpl.nasa.gov/galileo/ganymede/P47971_full.jpg
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Callisto Copyright © 2004 Calvin J. Hamilton
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Moonlets Perturb Saturn's F Ring,

\_

Cassini (2006)



http://www.planetary.org/saturn/images/saturn_rings_b_v1_movie.mpeg

Rings and Shepherd Moons

Pandora

Prometheus

iy
. Pandora

Aring

\ Encke

F ring and 2 shepherds Clyislan

Prometheus

Each moon
~ 50 km
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Cassml-Huygens
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http://saturn.jpl.nasa.gov/home/index.cfm

Cassini images of Saturn (clouds and rings)




Saturn rings, Titan
and the moon
Epimetheus
APOD 2014.11.02
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2014.10.21

Mimas (D=392 km)
Crater found by William
Herschel, D=130 km

Enceladus
(D=500 km)

Dione
(D=1120 km) lapetus

(D=1460 km
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http://upload.wikimedia.org/wikipedia/commons/9/9a/Iapetus_mosaic_color.jpg

lapetus by Cassini




% ¥ 2 (Uranus)
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* William Herschel Musician,
optician and astronomer,
found Uranus

 Caroline Herschel, sister of | R T ||
William, became one of the http:/Awww.agnesscott.edu/Lriddle/women/herschel.htm
pioneering woman
astronomers in history; found
2500 nebulae and 8 comets
before she died at an age of
97

Herschel Space Telescope

Herschel’s Symphony No 17 C Major



https://www.youtube.com/watch?v=BcpHNInerqA
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Figure 8-32b
Discovering the Universe, Seventh Edition

© 2006 W.H.Freeman and Company




Miranda --- Uranus’s moon
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Zones Belts
(light blue) | (dark blue)

South pole — ~ High-altitude
clouds
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Earth Jupiter Saturn Uranus Neptune
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Saturn, Rings and Aurora
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Neptune: Neptune:
1989 1999

http://www.physast.uga.edu/~jss/1010/ch13/13-14.jpg




Pluto System Hubble Space Telescope + WFC3/UVIS

Nix
M
e Pluto. P4
ydra L . -
‘Charon
July 7, 2012

NASA, ESA, and M. Showalter (SETI Institute)

STScl-PRC12-32



The Pluto-Charon system ... Note Pluto orbits outside itself .

http://en.wikipedia.org/wiki/Charon (moon)



http://en.wikipedia.org/wiki/Charon_(moon)
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2004 FH is the center dot being followed by the sequence; the object that

flashes by during the clip is an artificial satellite. http://en wikipedia.org/wiki/Asteroid


http://en.wikipedia.org/wiki/File:Asteroid_2004_FH.gif

Most asteroids orbit
the Sun in a belt about

1.5 AU wide between the

orbits of Mars and Jupiter.
T

Apollo and Icarus
asteroids have Earth-
crossing orbits.
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i it R A2 (near-Earth objects, NEOs) #y#& 48
NEOs = near-Earth Asteroids (NEAs)

Apollo ). i1 ¥ Amor )7 ¥
2Em > 10 AU ¥t 4, 251.02~1.3 AU
B < 1.02 AU 32%

5 B4 62%

Aten ). f7 % RS |

F&# < 1.0 AU ¥ B < 0.983 AU
HF < 1.0167 AU KEEHRGEZN
B M Bk B R 4 Inner Earth (Apohele)

6%

B 41138 (2014.02)

ot Bk A BERE<O0.05 AU H &R 4 K

> Bk REE (potentially hazardous objects, PHOs)
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Herschel, Planck,
Eddington,

GAIA, (JWST),
(Darwin)

http://en.wikipedia.org/wiki/File:Lagrange points2.svq



http://en.wikipedia.org/wiki/File:Lagrange_points2.svg

Stable Lagrange points (leading and trailing)

Some ~1700 Jupiter Trojans have been
catalogued.

Neptune is known to have at least one Trojan
asteroid.

Earth has one trojan

asteroid kKnown so [+ i b 0T e
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Kirkwood gap --- simple fractions of Jupiter’s orbital periods
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500 km

An HST view of a large - 100k .

(974.6 km) asteroid, 1 Ceres | |

A radar view of a medium-sized
asteroid, 216 Kleopatra.
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Discovery images of 2003 SR
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http://upload.wikimedia.org/wikipedia/commons/c/c4/2003_UB313_near-infrared_spectrum.gif

Largest known trans-Neptunian objects (TNOs)
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Giotto di Bondone, "Adoration
des mages" (1301-1305),

Donati’s Comet as seen over
Paris above the Palais du Justice,
the Conciergerie and the Seine
on Oct. 5, 1858, from a plate in
The World of Comets, 1877,
Ameédée Guillemin.
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http://en.wikipedia.org/wiki/File:Comet_tails.gif
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Complex molecules in comets

Comet P/Hartley 2 (1991XY ) r=096a.u.

P/Halley r=084au. r=26.4km.s™

500 600 700 y(nm) 220 A(nm)

P/Hartley 2 r=096a.u. r=2.8km.s™"
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http://wela.astro.ulg.ac.be/themes/solar/Comets/Archives/l1a-16.pdf
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Sedna

800-1100 miles
in diameter

Quaoar Pluto Moon Earth
(800 miles) (1400 miles) (2100 miles) (8000 miles)
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http://www.spacetoday.org/images/SolSys/KuiperBelt/Sedna/SednaComparedWithEarth.jpg

2 arcsec

Keck Telescope image of Eris (2003 UB313, dwarf planet %47 £)
and 1ts moon Dysnomia. The pair had been tentatively nicknamed
"Xena and Gabrielle" at the time the picture was taken.
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Kuiper Belt

The surplus material and planetesimals Pluto's orbit
hecome the Kuiper disk or Kuiper helt.

THE OUTER PLANETS
AND THE KUPIER DISK Neptune’s orbit

Orbit of Binary
EA ~ . Kuiper Belt Object

T 2;)1'998 WW31

Kuiper Belt and outer =~ : e
Solar System planetary orbits :

(Oort cloud

The Oort Cloud

PLUTO'S ORBIT (comprising many
billions of comets)

Qort Cloud cutaway
drawing adapted from

-100 AU S0AU 0 S0AU 100 AU Toeon (A SPL)
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Earth 100 minutes after a G-Sized impact

G impact scar reprojected onto Earth, to scale
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U7 Danoramic survey Telescope
And

ﬂSzﬁauCac[ruﬁuunm i l?i:lnld IQESDOIISB SY tem

PS1 consortium members

[ To patrol the entire observable sky (3m) several times a month

[ An array of 4 telescopes, located in Hawaii, each of D=1.8 m, equipped with
a 1.4 Gpix camera of an Orthogonal Transfer Array CCD detector (= 40 cm
square focal plane) =» 7 square-degree FOV with 0.26” pixels

[ Detection of moving, transient, and 0 Wide-Field Imaging
variable objects down to faint limits [ Short Duty Cycle

[ Very deep cumulative sky images

[ Efficient Operations
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An antitail and 3 i1on tails

2009-02-21 Conrad Pope http://www.conradpope.com/
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