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La materia della Divina commedia di Dante
Alighieri, dichiarata in VI tavole, by Michelangelo
Caetani (1804-1882) from Wikipedia
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Discovery of Neptune

= Uranus

m discovered in March 1781
by William Herschel

m its orbit is not fully
consistent with
Newtonian prediction

= Neptune
m independently predicted by Adams and Le Verrier
m discovered in September 1846 by J.G. Galle



Mercury’s precession and Vulcan

= Vulcan

m Le Verrier recognized the
precession of Mercury is
inconsistent with Newtonian
theory (if 7 planets alone)

m predicted an unknown planet
inside Mercury’s orbit in 1859
and named it Vulcan

m Lescarbault “discovered” its
transit over the Sun on March
26, 1859, and was awarded

the Légion d'honneur

Mercury’s perihelion shift (532” per century)
= 276.38(Venus) + 91.41(Earth) + 2.48(Mars) + 153.98(Jupiter)
+ 7.31(Saturn) + 0.14(Uranus) + 0.04(Neptune) + 43(GR)



Planet X and discovery of Pluto
= Percival L. Lowell (1855-1916)

m Bornin a very rich family, and founded
the Lowell observatory by himself

m Believed intelligent life forms exist on
Mars

s Mars (1895), Mars and Its Canals (1906),
and Mars As the Abode of Life (1908) /

m Predicted Planet X that disturbs the
orbits of Uranus and Neptune

= Elizabeth Langdon Williams (1879-1981)

m a human computer and astronomer hired by Lowell

m Her calculations led to Lowell’s prediction for the
location of Planet X that Clyde Tombaugh used to

locate an image in a region of the sky photographed in

1915. He discovered a new “planet” named PLuto in
1020




History of Pluto
= A great success story

s but Lowell’s prediction was totally wrong
m the discovery was just accidental !

s Walt Disney’s Pluto in 1931

s Plutonium in 1941




Extinction events and Nemesis

s Dinosaur’s extinction 6bMyr ago
= KT boundary: collision of a (10-15)km asteroid (Alvarez et al. 1980)
s 12 extinction events over 250Myr (?)

s Nemesis: an eccentric brown dwarf companion of the Sun: 26Myr
period and semi-major axis of 88,000 au (Davis, Hut and Muller 1984)



Allowed region for Planet Nine

No infrared object observed by WISE -

\

The possible
Planet Nine may

reside somewhere
in this shaded
region
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Duquennoy, Mayor & Halbwachs
Astronomy & Astrophysics
Supplement

88 (1991) 281-324
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Duquennoy & Mayor

Astronomy & Astrophysics
248 (1991) 485-524
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https://solarsystem.nasa.gov
/ resources/311/kepler-
orrery-iii/
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Kepler planets (August 3, 2015)
©NASA/Daniel Fabrycky
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Fig3. in Walker et al. (1995)




Walker et al. I3 EEB X 7- ?

Hatzes et al. (2000)
(including Walker)
0.86M, planet;
P=6.9yr, e=0.6

Hatzes et al. (2003)
(including Walker)

1.7M, planet;
Fig4. in Walker et al. (1995) P=2.5yr, e=0.1
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There's hundreds of billions of stars in
the Galaxy. You've looked at only a
handful. Wouldn't you say it's a little
premature to give up? You've done
one-billionth of the problem. Probably
much less than that, if you consider
other frequencies

— Carl Sagan, “Contact”
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the origin of life now seemed to be so
easy--and there were so many
planetary systems, so many wotrlds and
so many billions of years available for
biological evolution--that it was hard to
believe the Galaxy was not teeming
with life and intelligence

— Carl Sagan, “Contact"
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Life on Mars 7

m Percival L. Lowell

m Came from a very rich family, and founded the Lowell
observatory

n Mars (1895), Mars and Its Canals (1906), and Mars As the
Abode of Life (1908)

s Mars sustained intelligent life forms

Martian canals depicted by Percival Lowell



The War of the Worlds

m 1897 H.G.Wells Science Fiction: The War of the Worlds

1938 Orson Welles radio drama: The War of the Worlds
by H.G.Wells _
October 11, 1938: The New York Times
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Astrobotany on Mars

= Gavriil Adrianovich Tikhov (1875-1960)

s Studied earthshine in 1914, and concluded that Earth should be
seen as a pale blue dot due to the Rayleigh scattering

m Studied optical properties of terrestrial plants and particularly
spectra of plants growing in conditions similar to those of Mars,
looking for plants without chlorophyll, or with unusual chlorophyll
Spectra

s Created the word agsfrobotany in 1945

(D. Briot, J. Schneider, and L. Arnold in Extrasolar planets : Today
and Tomorrow ASP Conference Series, Vol. 321, 2004)

m 1924 E.C.Slipher and V.N.Slipher at the Lowell
Observatory

s Photometric and spectroscopic observations of Mars

s 1957 William M.Sinton

m Evidence of vegetation on Mars
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William M. Sinton
Ap] 126(1957)231



William M. Sinton
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Bulletin of Lowell Observatory 4(1959)252
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Curiosity (Mars Science Laboratory) 2011118268 ¥IH EIF
2012E8HA6H NE&EFE https://mars.jpl.nasa.gov/msl/
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https://eyes.nasa.gov/curiosity/

https://commons.wikimedia.org/wiki
/File:Correa-

Martians _vs. Thunder_ Child.jpg
Henrique Alvim Corréa (1876-1910)

https://photojournal.jpl.nasa.gov/catalog/PIA19
912
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Adolf Hitler! It makes me furious. Forty
million people die to defeat that
megalomaniac, and he’s the star of the
first broadcast to another civilization?
He's representing us. And them. It's that
madman’'s dream come true

— Carl Sagan, “Contact”
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=LAy ] “The universe is a pretty
big place. If it's just us, seems like
an awful waste of space”
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This is the first time when
anybody’s been able to look for
extraterrestrial intelligence

— Carl Sagan “Contact”
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1 HBXHERE
SETI:

Search for Extra-Terrestrial
Intelligence

We're just beginning SETI. You know
how many possibilities there are. This is
the time to leave every option open. This

Is the time to be optimistic.

— Carl Sagan, "Contact™



SETI: Search for Extra-Terrestrial Intelligence
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Alpha Centauri was a triple

system, two suns tightly
orbiting one another, and a
third, more remote, circling

them both.
What would it be like to live

on a world with three suns
In the sky?

— Carl Sagan, “Contact”
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http://breakthroughinitiatives.org/Initiative
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Everything not forbidden by the laws
of nature is mandatory

— Carl Sagan “Contact”
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Sagan’s conclusion

Nobody's guaranteeing success. But
can you think of a more important
question? Imagine them out there

sending us signals, and nobody on
Earth is listening. That would be a joke,

a travesty. Wouldn't you be ashamed

of your civilization if we were able to

listen and didn’t have the gumption to
do it?



