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. . Angle of sunbeam and the gnomons (vertical
ERATOSTHENES METHOD FOR DETERMINING . .
THE SIZE OF THE EARTH sticks) at Syene and Alexandria allowed
Eratosthene to' estimate radius and
circumference of Earth.
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50 * 5000 = 250 000 STADIA
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Fig. 1. Photograph of text A (lines 1to 7). (A) Full image. (B) Partial image of the right side taken mile et trian
under different lighting conditions gulo MRC.
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Ancient Babylonians Used Geometry to Track the Planets. This illustration from a translation of Aristarchus

in four ancient Babylonian cuneiform tablets, Jupiter’s The Antikythera mechanism is an ancient analog work shows how he approached measuring the
displacement along the ecliptic is computed as the area of computer[ designed to predict astronomical positions size of the Earth based the size of the Earth's
a trapezoidal figure obtained by drawing its daily and eclipses for calendrical and astrological purposes, shadow on the moon during a Lunar eclipse

displacement against time (Ossendrijver 2016)

Observation of night sky has been a driver for natural sciences and has allowed a better understanding of our planet!



Geodetic VLBI allows for accurate measurement of :

° Earth Orientation Parameters (EOP) — UT1, polar motion, nutation, precession
. Positions and velocities of sites occupied by VLBI antennas

. Troposphericparameters — total and wet zenith path delays, meteorological data for stations
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Credit: P. Laudet

Scientific Reasoning

Observe Think.. Verify

...and question ...and may be understand ...that the thought
was correct
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Ptolemy's model for planetary motion, with deferents (big spheres) and epicycles
(small spheres).
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Using precise astronomical data, Kepler’s proposed a theory
for the orbital motions of the solar system bodies: Kepler’s

law of planetary oition
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Comedy position.

true position, as calculated by Kepler.(O. Gingerich, 1971)









Eagle Nebula, M 16, Messier 16
. Milky Way ~ 7000 light years
- Constellation: Serpens Cauda




4 light years.

N. Altobelli .
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Young Stellar Disks in Infrared
Hubble Space Telescope « NICMOS

PRC99-05a « STScl OPO « D. Padgett (IPAC/Caltech), W. Brandner (IPAC), K. Stapelfeidt (JPL) and NASA

Source: ESA/ATG
Medialab




..Some outstanding issues in Solar System
formation...

CORRE e

N. Altobelli



... Role of collisions in the Solar System....

Collisional
accretion

Early phases

Planetesimal formation

Collisional
disruption

—
Late phases

European Space Agency

Asteroid disruption Giant impacts

P. Michel



S0Iarlr dystem

— “Planets”

“Dwarf
Planets®

&

(1) A"planet"! is a celestial body that: (a) is in orbit around the Sun, (b) has sufficient mass for its self-
gravity to overcome rigid body forces so that it assumes a hydrostatic equilibrium (nearly round) shape,
and (c) has cleared the neighbourhood around its orbit.

(2) A "dwarf planet" is a celestial body that: (a) is in orbit around the Sun, (b) has sufficient mass for its
self-gravity to overcome rigid body forces so that it assumes a hydrostatic equilibrium (nearly round)
shape?, (c) has not cleared the neighbourhood around its orbit, and (d) is not a satellite.

(3) All other objects3, except satellites, orbiting the Sun shall be referred to collectively as "Small Solar

System Bodies".



..Stable and Orderly System....
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Stable and Orderly System....or not
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If planets are formed whqr_e_they’é'r'é_—ﬁow:

: = - _Uranus-and-Nepttne should have ended up much smaller and less massive.

|CHg - Conversely, Mars formed in the fat of the disk and should have ended up at
Methane least 10 times more massive than it is today.
1Freeze

| - No good explanation of s the asteroid belt's existence — partlcularly why
| it's crudely divided into rocky bodies (called S types) nearer the Sun and
dark, carbon-dominated hunks (C types) farther out.
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...Migration of Gas Giants & Orbital
resonnances...NICE MODEL (Gomez et a. 2005)
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Nice Model: Morbidelli et al..



Grand Track Scenario ( Walsh et al. )

Year 0:
Jupiter forms

Year 70,000:
Jupiter migrates inwards

Year |00,000:
Saturn migrates to 3:2 rescnance
formation of terrestrial planets

Year 300,000:
outward migration

Year 500,000:
end of “Grand Tack™

Year 600,000 to present:
after "Mice scenario™

Jupiter
asteroids (rock) o Osamm Uranus Neptune
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comets {water)
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...Migration of Gas Giants & Orbital resonnances
Grand Track Scenario ...

Disk of rocky Jupiter Saturn  Disk of water-
planetesimals and carbon-rich
planetesimals

'

Truncated disk Jupiter and Saturn move inward
(0.7-1.0 au) until Saturn reaches final mass
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Moon Phases 2016

Including Libration and Position Angle

218 30 032

Time
Phase
Diameter
Distance
Position
Subsolar
Sub-Earth
Pos. Angle

01 Jan 2016 00:00 UT
61.6% (20d 13h 31m)
1779.5 arcseconds

402771 km (31.61 Earths)
11h 47m 20s, 01° 32' 56"N
1.502°N 74.460°W

0.205°S  2.095°E

24.955°



...LUNAR EVOLUTION ...




The Sun

Solar Dynamics
Observatory
2011

Earth

MODIS
2001

Saturn

Mercury

Messenger
2011

Mars
Viking/Mars Mosaiced
Digital Image Model
(MDIM)

1975/2015

Uranus

W.M. Keck Observatory
2004

Venus

Magellan
1990-1992

Jupiter
Hubble Space
Telescope
2015

Neptune
Voyager
1989
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LE VOYAGE
DANS LA LUNE

A sci ic conception of life on
earth’s nearest neighbor. Science
says Venus is a sister world and
human forms of life are mor

possible than on any other planet.

(For further details see page 87) &
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"STAR FILM"
Geo Mélies Parts*

ASPECTO DE SATURNO. ASPECTO DE MARTE.

ASPECTO DE LA TIERRA. ASPECTO DE JUPITER.




Solar System Missions 04/2016 jev-sa___| Olaf Frohn
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M‘”’x Ngw Horizons

¥ : @~ Pioneer 11

2 L
Pioneer 10 ¥ ,}5_;, ¢: Voyager 1
2 g, # . Voyager 2
Upcoming Events 2017 May: InSIGHT Launch to Mars 2019 MGRSO Launch to Mars
2016 Jan: Bepi-Colombo Launch to Merc. May: MarCO Launch to Mars Jan: ExoMars Rover EDL Mars 2021+
Jul: Juno Ol Jupiter Sep: Cassini EOM Jun: Chang‘e 4 Relay Launch/OI Moon Oct: OSIRIS-REx Sample Acq. Bennu- Mar: OSIRIS- REx Dep Bennu
Sep: OSIRIS-REx Launch - Chang‘e 5 Launch/SL Moon Sep: OSIRIS-REx App Bennu New Horizons FB 2014 MU69 Luna 26 Orbiter Launch
Sep: Rosetta EOM/SL 67P/Chury Chandrayaan 2 Launch/SL Moon = Chang‘e 4 Launch/SL Moon . Hayabusa2 Sample acq. Ryugu [Chinese Asteroid FB] Launch (2022)
Sep: Lightsail 2 Launch Solar Orbiter Launch Hayabusa2 App/SL Ryugu -Luna 25 Lander Launch "EMFM Launch to Jupiter (2022?)
Oct: ExoMars TGO Ol Mars 2018 DSO Launch to Earth/Sun L1 -+ 2020 : EM-2 Launch to Cislunar Space (2022)
* Oct: ExoMars/Schiaparelli EDL Mars Mar: Juno EOM Orion EM-1 Launch/FB Moon 2020 Mars Rover Launch JUICE Launch to Jupiter (2022)
Oct: Juno Science Orbit Jupiter May: ExoMars Rover Launch . +10 EM-1 Cubesats Launch/OI/FB Chang‘e 6 Launch/SL Moon _OSIRIS-REx EDL Earth (2023)
FB: Flyby; Ol: Orbit Insertion; App: Approach; Dep: Departure; Imp: Impact Moon/Heliocentric Orbit Hayabusa 2 EDL Earth * Luna 27 Lander Launch (2023)

EDL: Entry, Descent and Landing; SL: Soft Landing; EOM: End of Mission Solar Probe Plus Launch Mars Hope Launch to Mars Bepi-Colombo Ol Mercury (2024)



Mars Fleet
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Distant Horizons - Different Surfaces

Asteroid Itokawa Moon Venus Mars Titan Earth

Image Credits:

Asteroid Itokawa [Hayabusa]: ISAS / JAXA / Gordan Ugarkovic

Moon [Apollo 17]: NASA

Venus [Venera 14]: IKI / Don Mitchell / Ted Stryk / Mike Malaska

Mars [Mars Exploration Rover Spirit]: NASA / JPL / Cornell / Mike Malaska

Titan [Cassini Huygens]: ESA / NASA / JPL / University of Arizona

Earth: Mike Malaska Composition by Mike Malaska



us - No Moons
Hot Atmosphere

)

Stable axis

Stable atmosphere
Strong Magnetic field
Missions: Terra, Aqua

~

Mercury No Moons
Thin Atmosphere (Exosphere)

‘7‘; | Mission: MESSENGER

;. %

- Thin atmosphere

2 C'aptured asteroid s/moons
Wobbly Axis

Sk Thin atmosphere



BorH EarTH
AND Miars

HAVE CANYONS,
VALLEYS, CRATERS,
VOLCANOES, ICE
CAPS, STORNVS,

AND SEASONS.

MiRs Is HALF
THE DIAVETER
orF EarTH, BUT
BOTH PLANETS
HAVE THE SAVE
AVOUNT OF DRY |

LAND.

EarTH’S
ATNMOSPHERE IS
7TYONITROGEN
AND 21%60xY-
GEN. MhRs’ AT-
MOSPHERE IS 95%0

CARBON DIOXIDE.  *

MaRS HAS FOUR
SEASONS, JUST

UKE EaRTH, BUT
EACH ONE LASTS

TWICE AS LONG.

ExpLORE MaRs

hitpy/ mars.jpl.nesagov




This sequence combines 32 images of clouds moving eastward across a Martian horizon. The
Image NASA/JPL-Caltech/University of Arizona/Texas A&M University Surface Stereo Imager on NASA's Phoenix Mars.Lander took this. sgt of images on Sept. 18, 2008,
during early afternoon hours of the 113th Martian day of the mission.
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You are here




Even higher in the Martian sky, the Earth and Moon hang in space, as seen from Mars. The HiRISE camera onboard the Mars Reconnaissance Orbiter acquired this image at
5:20 a.m. MST on October 3rd, 2007, at a range of 142 million kilometers, while orbiting Mars.
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. Studying Jupiter's icy moons .

Observmg coronal
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SCIENTIFIC OBJECTIVES
+ To study Martian atmospheric trace gases and their sources;
+ To conduct surface environment measurements.

Methane release:
Northern Summer

Gredit Mamers Valles, MEX/H
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SCIENTIFIC OBJECTIVES
> To search for signs of past and present life on Mars;

» To characterize the water/subsurface environment as a function of depth in the
shallow subsurface:

» To characterize the surface environment




West Rim of Endeavour Crater on Mars







A dust devil on Mars photographed by the a large dust devil across the Arizona desert
Spirit rover on Sol 486 (the 486th day of the
Martian year). Credit: NASA










Liquid Water : Seasonal flows on warm Martian slopes,
Recurring Slope Lineae (RSL)

MELTING MECHANISM

HO‘V Can ‘/V‘dt'e r Southern Summer: The Great Thaw
2 W
Exist on Mars? i st o e e o

aphelion (the farthest point). Mars’s orbital orientation shifts, or

Planetary scientists are still debating what causes dark lines precesses, on timescales of tens of thousands of years; currently the

to appear annually on southemn Martian slopes. But numerous planet reaches perihelion around south ducing relatively

lines of evidence, including the fact that these streaks are found hot that hemisphere. Darklines app uth

on warm, sun-facing hillsides, implicate the seasonal melting slopes during warm months could therefore represent melting ice.

of shallow deposits of salty frozen water. The slope cutaways

(below) demonstrate possible mechanisms for delivering water

ice to the shallow subsurface, where sunlight can melt itin

warmer Martian months (right).

Ambient
water vapor
; : o ; 17 19 21 23
‘ ) Salts in the shallow subsurface = . 2 Wavelength (mm)
A absorb rising water vapor and
freezeintoice

Salt crystals
absorb ambient : - 2 Liquid moving upward

water vapor, ¢ 4 3 - f der th f e
forming droplets f . < X - reesesunderfhesdriace N NASA FINDS EVIDENCE OF

of brine that 5 A s LIQUID WATER ON MARS

freezeintoice

Streaks that appear and vanish

on steep slopes are evidence of liquid
water on Mars, NASA says. The streaks
of highly salted water lengthen in warm
months and fade in cooler periods.

Make Ice

Insouthern summer, as

Mars draws near ['le sun,

temperatures on sunlit slopes peak

well above zero degrees Celsius. If ice

exists in those locations, it can melt and flow

through the grainy surface, thereby darkening 3

the slope. Shallow ice deposits may form via Water migrates
deliquescence @ ,a process by which abundant salts in from possible deep
the ground take in water vapor, via the upwelling of water liquid reservoirs to
vapor b from deeper reservoirs of liquid or via migration replenish shallow
of deep liquids through more complex pathways ¢ . ice deposits

Hlustration by Chuck Carter. Originally produced for “Mars in Motion,” by Alfred S. Mclswen, in SCIENTIFIC AMERICAN, May 2013




Alfred McEwen

HIiRISE instrument Principal Investigator,
University of Arizona, Tucson



Early Mars
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Dust storm in the Sahara Desert
on Earth, photographed by
NASA's SeaWiFS project.

Dust storm near the northern polar
cap of Mars, photographed by the

Mars Global
Surveyor spacecraft on August 29,
2000, the beginning of Martian
summetr.

The white material is frozen carbon
dioxide. Although the winds reach
speeds of up to 60 miles per
hour, they are less destructive than
storms on Earth, since the Martian
atmosphere is thin.

From



http://antwrp.gsfc.nasa.gov/apod/ap001009.html
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Arres Valles “Twin Peaks,” Mars

Lavic Lake Desert, Earth
Wind erosion (aeolian processes) are important in arid (dry) environments. There is little
vegetation to hold material down, so wind action causes most erosion.







Yuty Crater, Mars Meteor Crater, Earth

Meteor impacts produce unique landforms on both Earth
and Mars. Vegetation obscures some craters on Earth.






South Candor Chasma, Mars Grand Canyon, Earth

Running water can be powerful enough to create canyons, in a process known as canyon incision. The
processes illustrated in these images though producing the same result, may not be the same. The
Grand Canyon was formed by a combination of two processes: uplifting and downcutting.






Warrego Valles, Mars
Yemen, Earth

Running water (fluvial processes) produces the distinctive branching pattern of streams
evident in both images. Yemen, like Mars, was once a much wetter environment than it is
today. Both images show “relic” landscapes, evidence of climate change.



