Comets and the Death of the Dinosaurs

Asteroids
• Planetoids mainly lie in belt between Jupiter
& Mars

• Ceres (~900 km radius) biggest
• Total mass much less than Mercury

What can we see from the ship today?

Comet Mcnaught, from the Herzberg Building at Carleton (Etienne Rollin)
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• Most orbits lie in plane of solar system, few
are very tilted.

• more beyond Jupiter (Centaur asteroids).
• Orbits show they were never part of a single
object which exploded

Voyager

Galileo took a quick
look at 2 asteroids on
the way out

Eros (like all the asteroids)
is a lump of rock
Was used to measure
Earth-Sun distance very
accurately

Gaspra

• And Ida and its moon, Dactyl.
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• We can even watch
it rotate
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And now we have visited Lutetia

And we even landed on it
4th object (after the
Moon, Mars and Venus)
in the universe!

but a bit too hard!

ESO
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And 2014, Vesta

Dawn

• Note the cliffs and landslide

• First “ion-drive”
• Very efficient but low
power

• Allows complex
manoeuvres
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Dawn
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Historically Comets have
fascinated us
CALPURNIA: When beggars die, there are no comets seen;
The heavens themselves blaze forth the death of princes.
Julius Caesar
Comets are like cats: they have tails and do what the hell they like
Anon
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Comets

• Giotto “Adoration of the Magi” Scrovegni
Chapel, Padua ~1328
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Edmund Halley

Halley
i.e comets work the
same way as planets!

1682 Observed comet
1531 (observed by Apianus)
1607 (observed by Kepler).
1758 predicted return

Thomas Murray, Edmund Halley circa 1687
NASA

Bayeux Tapestry, 1090s, Musée de la Tapisserie de Bayeux, Normandy

Halley’s Comet, Eadwine Psalter, c. 1174, Trinity College Cambridge

All the visits
25 May 240 BC
12 November 164 BC
6 August 87 BC
10 October 12 BC
25 January 66 AD
22 March 141
17 May 218
20 April 295
16 February 374
28 June 451
27 September 530
15 March 607
2 October 684
20 May 760
28 February 837

Earliest Report 240BC

18 July 912
5 September 989
20 March 1066
18 April 1145
28 September 1222
25 October 1301
10 November 1378
9 June 1456
26 August 1531
27 October 1607
15 September 1682
13 March 1759
16 November 1835
20 April 1910
9 February 1986

In the 7th year of Emperor Qin Shihuang of the Warring States, a
broom star first appeared in the east, then it appeared in the north.

10 October 12 BC

20 March 1066: Bayeux
18 April 1145: Eadwine

Sima Qian's Shiji (c. 109 BC-91 BC)

25 October 1301: Giotto’s vision

13 March 1759: Ha!ey’s prediction
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Matthew 2
• Magi from the east came to Jerusalem and

asked “Where is the one who has been born
King of the Jews? We saw his star in the
East..”

• …they went on their way and the star they
British Museum

had seen in the east went ahead of them
until it stopped over the place where the
child was…
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Halley’s would have been at
its brightest 10 October 12 BC

Too early

Chinese recorded a comet
6 April 5 BC
Visible for over 70 days
Moved south, so would have been seen in the East from
Babylon and then moved over Israel
Magi would have taken 1-2 months for the journey

Any other options?

Colin Humphreys: http://www.asa3.org/ASA/topics/Astronomy-Cosmology/
S&CB%2010-93Humphreys.html

Halley’s comet as seen by
Giotto (ESO picture)!

Why has Halley’s comet
survived so long?
• Luck!
• Large (~ 14 km long, ~ trillion tonnes)
• Closest distance to sun ~ 70 million km
• Possibly 100000 years old, should
survive another 100000
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Finally…

Great comet of 1577, over Prague (Daschitzky)

• Halley’s comet is the dimmest object ever observed!

Tycho Brahe showed it was further away than the moon

• Magnitude 28 in 2003!!!

ESO
Daschitzky

• “Ghost of a Flea” (Wiliam
Blake)

• supposedly shows great
comet of 1811

❖

Artists loved Donati’s comet (1858)

❖

produced exceptionally fine vintage of claret

Donati’s Comet over St. Paul’s, London

William Turner of Oxford, Donati’s Comet, 1858-9, watercolour, gouache over
pencil on paper, 10”x14”, Yale Centre for British Art

Donati’s Comet over Paris

Comets
• The Hairy Stars
•

this is Arend-Roland

James Poole, Donati’s Comet, 1858, oil on canvas, 24”x36”, Sheffield Museums
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The man who loved comets:
Messier (pr Messié)

This is Mcnaught
Notice all the tails
Comets are named after their discoverers

Discovered 13!

Gave us a list of
objects that aren’t
comets!

So don’t look at them
Credit© P. Gitto
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•

• So who found the most comets?

M1 = Crab nebula

• SOHO! (SOlar and Heliospheric Observatory) finds
2000th (3000th) comet in 2010 2015!

• And we learned that most comets are never seen!

• M31 = Andromeda galaxy

•

Credit© P. Gitto

• “Sungrazers”

M57 = Ring nebula

Unfortunately they are the most
interesting objects in the sky!
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• A double play!

NASA

• Here’s another one that didn’t make it!
• SOHO!
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• So what are they?
• "Dirty Snowballs" water + dust + CO2 (Fred Whipple)
• Probably grow by accretion
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• Water boiling causes breakup?
• Some comets observed to have jets, which can alter orbits
• Low mass, cannot retain gas (this is Mrkos)

Bill Hayes Calvin and Hobbes
NASA

• This is comet LINEAR,

• which was going to be quite spectacular

Bob Yen

• However it didn't work out that way!

• Then it shattered into pieces!

• It split in two
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• and more pieces

• and finally just evaporated!
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• and sometimes they blow up in odd ways: this is

• Can actually watch them blowing apart: this

Holmes

is core of Hartley

• easily visible with naked eye
• University of Alabama Astronomy
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Close-up of Tempel 1(Imaged by

Sometimes they collide with things

NeXT)

• Chain of craters on
Ganymede

• maybe made by a comet
hitting
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Probably produced by
breakup of comet by Saturn
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Which collided with Jupiter

• Like Shumacher-Levy
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So where do they come from?

SOHO’s 3000!

A long way out: these are the comets of 1858

Implies huge cloud
of comets beyond
planets

Voyager
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Oort cloud
Long-period comet ~ 100000 years

Gets deflected by planet into short period orbit (100 years)
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Another comet that wasn’t going to make it: comet Lovejoy

Except it did!
less than 1 million km
from sun
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And it was quite spectacular!
•

Comet 67P/Churyumov-Gerasimenko

Image Credit: Left - Carlos Caccia, (Intendente Alvear, Argentina) / Right - Dan Burbank (ISS Expedition 30, NASA)

ESA Rosetta/Philae

Long-period comet which got
deflected in 1840
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Appears to be 2 bodies that
have been jammed together

A sudden jet on 67P

photo credit: Matt Wang, Flickr: anosmicovni. European Space Agency. Comet 67P/
Churyumov–Gerasimenko Relative to Downtown Los Angeles

But we found Philae!

ESA

From 2014 to 2016, the European Space Agency’s Rosetta spacecraft followed
the comet Churyumov-Gerasimenko (67p) capturing some 400,000
photographs of the comet. This cinematic video was made from those photos by
Motion Designer Christian Stangl and Composer Wolfgang Stangl

Meteors

Meteors

• These are the Leonids

• These are the Leonids
and here is one at sunrise
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• Meteors are assumed to originate in comets which
break up. e.g.

• Can now see meteors from the other side.

• the

• These are Leonids seen from the space
shuttle!

stuff left behind by Swift-Tuttle creates the Perseids

• Particularly bright every 33 years (tho. less so now).
• Perseid meteor in an aurora:
Named after the constellation
they appear to come from
(Leo in this case)

©Jimmy Westlake,
Colorado Mountain
College)
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• Meteorites are larger objects that hit the ground.
• Manicougan crater in Northern Quebec
• Can only be seen from space.

• Most originate from particular area of sky

• ~ 200 Million years old.
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What killed the dinosaurs?

• Apollo asteroids: cross earth's orbit (and may

•

Dinosaurs vanished in “K-T event” about 68
million years ago

• All small, less than 30 km radius

•

Iridium-rich layer of clay found all over North
America: thickest (1 m) in southern states

collide occasionally!)
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What killed the dinosaurs?
•

Alan Hildebrand found a 65 million year old, 112 mile
wide ring structure (the Chicxulub crater) off Yucatan

•

Crater due to impact of an object of 10-25 km radius

•
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Much more important: can
it happen again?
• This is Toutatis

Implies that dinosaurs died out due to impact +
material ejected into atmosphere

• ~ 1000000 km from
earth
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How close was Toutatis?
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• But actually it wasn’t that close!

So Yes we need to keep an eye on nearearth asteroids
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And a free cup of Coﬀee to anyone who knows
who Toutatis was!
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How big is the solar
system?

• For a long time Pluto set the bounds, but now Quaoar

How big is the solar
system?
• And it’s really far out
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And Sedna
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Can there be anything
further out?

• Sedna now at its closest, but
10,000-year orbit takes it
into the Oort cloud, the
origin of comets.

• What exactly is a planet?

• What exactly is a planet?

• No easy answer: conventionally we take original 8 as
planets, and say everything else is not (i.e. Pluto
isn't).

• No easy answer:

conventionally we take
original 8 as planets, and say
everything else is not (i.e.
Pluto isn't).

• Definitely: expect millions (billions?) of small objects
• But large planets very unlikely (we already have
limits)

And Eris aka Xena
NASA

New Horions:
On to 2014 MU69
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We’ve come a long way…
Ultima Thule aka MU69

• Arrival Dec 31 2018

Peter Watson
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And Voyager is even further!
What else?
How about Nemesis?
• Mass extinctions on earth seem to follow a 30 million
year cycle

• Extinction of dinosaurs about 65 million years ago.
• Maybe Sun has a small companion star in 30 million year
elliptical orbit

• passes through Oort cloud of comets, disturbs them
PW

enough to fall into inner solar system
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• No bright star anywhere close to sun

•Astronomy Picture of the Day (APOD)

• IRAS shows no large infra-red object

• NASA

• Really unlikely!

• ESA
• Simulations: Voyager
Sandra Paikowsky

• So you can relax!

• Next: so how does the sun work?
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