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Cool bits for today: sungrazer Comet

\

A comet approaching the Sun observed by the coronagraph on SoHO.




Guiding Questions

. How and why were the asteroids first discovered?

. What is the asteroid belt? Why didn’t the asteroids
coalesce to form a single planet”? What are Kirkwood
gaps? How does gravity shape the asteroid belt?

. What are Near Earth Objects (NEOs)? How might an
asteroid have caused the extinction of the dinosaurs?

. What are the differences among meteoroids, meteors,
and meteorites?

. Why do comets have tails? What is a dust tail? What is
an ion tail? How are these two tails different? How do
they form?

. Where do comets come from?

. What is the connection between comets and meteor
showers?



14 .1 Introduction

o Asteroids, meteoroids and comets are remnants left over
from the formation of the planets.

o They all orbit around the Sun, following Kepler's Iaws

o Like the two categories of planets, asteroids are mner

“terrestrial” rocky objects, comets are “outer” “Jovian” icy
rocks.
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14.2 Asteroids

A search for a “missing planet” between Mars and Jupiter
led to the discovery of asteroids, or minor planets.

1 Ceres, 2 Pallas, and 4 Vesta
are the largest asteroids.

Lerbelal bivide Distance  Smg|ler asteroids are found by
Series Add 4 by 10 (AU)

Nercury 0 4 04 039 observing asteroid trails.
Venus 3 F 0.7 0.72

Titius-Bode Law for planetary orbits

Earth 6 10 1 1.00
Mars 12 16 1.6 1.62
Ceres 24 28 2.8 2.80
Jupiter 48 52 5.2 5.20
Saturn 96 100 10 0.54
Uranus 192 196 19.6 19.19

Neptune 384 388 38.B 30.06

Source: In Quest of the Universe, Kuhn, 1998

r(n) =04+ 0.3 271 e

1 Ceres is larger than Pluto.

A large crater is found on Vesta.



The asteroid belt: a failed planet?

Most asteroids orbit

the Sunin a belt about

1.5 AU wide between the
orbits of Mars and Jupiter.

Ex.2: orbits of planets

Thousands of asteroids
with diameters ranging from
a few kilometers up to 1000
Kilometers orbit within the

asteroid belt between 2 iy e pallas
and 3.5 AU. They have -

orbit planes tiled from the -

ecliptic.

The asteroids are the relics of planetesimals that failed to
accrete into a full-sized planet because of the effects of Jupiter

and other Mars-sized objects.



Kirkwood gaps and Trojan asteroids

Distance from the Sun (AU)
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Ex.3: Lagrange points for
Trojan asteroids

Combined forces of gravity by two bodies keep small bodies at “fixed”
positions, the 5 Lagrange points.



Ex.4: Jupiter’ s gravity helped shape the asteroid belt.
* Planetesimals cannot accrete into a planet.
(compare with formation of Saturn’s rings)

 Asteroids have tilted orbits.

« gravitational perturbations by Jupiter deplete
certain orbits within the asteroid belt. Some are

deflected off the belt.

« Some gaps, Kirkwood gaps, occur at simple
fractions of Jupiter’ s orbital period, the

resonance effect.
(compare with the Cassini division in Saturn’ s rings)

» Trojan asteroids at Lagrangian points outside the
asteroid belt.



Some asteroids become inner orbit objects, or Near Earth
Objects (NEOs). They may even strike the Earth and cause

biological extinctions.

Iridium-Rich Clay: evidence
for a strike 65 million years
ago, possibly causing the
extinction of dinosaurs.



14.3 Meteoroids, Meteors and Meteorites

- Meteor e Meteoroids: small rocks in
space.

* Meteor: a meteoroid
entering the Earth’ s
atmosphere, being burnt
and producing a fiery trail, a
shooting star.

* Meteorite: the survived
fragment that reaches the
Earth’ s surface.

Leonid meteor shower as
bits of comet dusts.
(http://antwrp.gsfc.nasa.gov/apod/)




Meteorites are classified as stones, stony irons, or irons. Irons
and stony irons are fragments of the core of a large and hot
asteroid to have undergone chemical differentiation, like a

terrestrial planet.

Many stony meteorites
are coated with
dark fusion crusts...

...but when cut and
polished they reveal tiny
specks of iron in the rock.

...and when cut and polished,
Iron meteorites are composed - - A e o e - = b){ mterloc.!(lng crystalsina
of nickel-iron minerals and are M Ny ey Widmanstatten pattern.
characterized by a surface
covered with depressions...

; ‘%fﬂ’; o ‘: B i : ju—_ e ESALAL

| Some meteorites retain traces of the early solar system
-




14.4 Comets

A comet is a dusty chunk of ice, a dirty snowball, that moves in
a highly elliptical orbit about the Sun. When passing near the

Sun it partlally vaporlzes

Dust tail —

lon tail
Hydrogen
envelope ™~
Nucleus

Coma

Ex.5: asteroids vs comets and
terrestrial planets vs. Jovian
planets — what is the key?

As comet’s ices are vaporized, gases and dust particles are
liberated to glow as coma around the nucleus. The nucleus of

a comet is made of dark carbon compounds.



ble

A comet have a hydrogen envelope vis n ultraviolet light.

A visible-light image shows An ultraviolet image reveals the
the comet’s tail. comet's immense hydrogen envelope.

LB )

vt e :




Dust tails and ion tails
form by radiation pressure
and solar wind.

Ex.6: ion tail and dust tail:
direction and color.

Dust tail is produced by
photons interacting with matter.

lon tail is pushed by magnetic
force over charged particles.




Comets originate either from the Kuiper belt or from the
Oort cloud in near interstellar space.

 The Kuiper belt lies in
the plane of the ecliptic at

R T distances between 30

= Pluto’s orbit and 50 AU from the Sun.

B - |t was shaped by

i Neptune’ s gravity in

ways similar to Jupiter’ s

gravity on the asteroid

belt.

« |tis thought to contain
tens of thousands of
comet nuclei.

 Many Kuiper belt objects
being affected by
Neptune and Jupiter’s
T . gravity, can become
(a) Kuiper belt object 1993 SC (between the  (b) 4.6 hours later, 1993 SC has moved
white lines) against the background of stars CometS, SUCh as many
Jupiter-family comets.

A moving Kuiper - -
Belt object .": . .- '




The Gort Clowd

Ex.7: asteroid belt,

Kuiper belt, and
Oort cloud.

 The Oort cloud contains billions
of comet nuclei in a spherical
distribution that extends out to
50,000 AU from the Sun.

* Intermediate period and long-
period comets are thought to
originate in the Oort cloud.

* Their orbits may be very inclined.
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Comets eventually break apart, and their fragments give
rise to meteor showers.

the' Fragmentation of a Comet




Meteoritic Swarms « Fragments of “burned

E————— out” comets produce
If a comet is only ; meteoritic SwarmS-

recently extinct, : Over the ages, the
its fragments will comet fragments

> ‘ d 1 1
kel | reaemes” 1 A meteor shower iIs

elliptical orbit.

-

seen when the Earth

| passes through a

Dt | meteoritic swarm
every year.

(a) (b)

Prominent Yearly Meteor Showers

Date of maximum Typical Average speed Radiant

Shower name intensity™ hourly rate (km/s) constellation

Quadrantids January 3 40 40 Bootes

Lyrids April 22 i1 50 Lyra

Eta Aquarids May 4 20 64 Aquarius

Delta Aquarids July 30 20 40 Aquarius

Perseids August 12 50 60 Perseus

Orionids October 21 20 66 Orion

Taurids November 4 I 115 30 Taurus
mluub INOV 15 70 LCO

Geminids December 13 50 35 Gemini

Ursids December 22 15 35 Ursa Minor

*The date of maximum intensity is the best time to observe a particular shower, although good displays can often be seen a day or two

before or after the maximum. The typical hourly rate is given for an observer under optimum viewing conditions. The average speed

refers to how fast the meteoroids are moving when they strike the atmosphere.




Deep Impact: the first look inside a comet

Jet Propulsion Laboratory with University of Maryland
California Institute of Technology

+ View the NASA
Portal
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Deep News

The Deep Impact Newsletter

OEEF IMPALCT

Mike A Hear

| Science Topics

What We Learned from the Science Results
See some of the science results published by Deep Impact team members as they




14.5 Pluto

Jupiter Saturn Uranus Neptune Pluto
p P
Average distance from Sun (10° km) 73 1429 2871 4498 59165
Aver.age disFance from Sun (AU) 5.205 9.554 19.194 very eccentric SO 57
Orbital period (years) 11.86 29.46 84.10 & inclined orbi ot
Orbital eccentricity 0.048 0.053 0.043 & Inclined orbit
Inclination of orbit to the ecliptic 1.30° 2.48° 0. 7= At
Equatorial diameter (km) 142,984 120,536 51,1 smaller & ||ghter
Equatorial diameter (Earth = 1) 2409 9.449 4.0( han 7 m n
Mass (kg) 189901022 5,685 < 1025 8.682 < 10 tha Iotelils
Mass (Earth = 1) 317.8 9546 14.53 d ST
Average density (kg/m3) 1326 687 1318 S
—— rock & ice
Pluto’ s orbit is much i le
inclined, 170 from the -~ — —— g — — ] Forits very
ecllptlc that of Merguw T venus | wes T/ eccentric
0.~ - ~ Mercury S T R o) .
15: f s \ / N e AR orbit, Pluto at
7§ V= == = O & kg s .
( ’_,f"'r |‘ As;:::‘d_‘:‘_' .?'t__ ‘ff"“:_%;g;i—';i;;" -7 t,,\-;jupilef %ﬂl’ﬂ "/‘?E Nemne? t|meS Can be
\\ "/‘". \\_“ b o R % _v '_" QAN g - - ,.’/ S !:',."‘ ”_/"
o N ST SEIERET o 2 7 dosertoth
e Feemois T e sun than
/ TErmssspwan e Neptune.




Pluto used to be a very special planet:

» Its orbit is highly eccentric; at times it is closer to the Sun than Neptune.
« Its orbit inclination is also much larger than other planets.

» Pluto rotates in the opposite direction from most other planets.

* Pluto is smaller than 7 satellites in the solar system.

« It has an average density of about 1900 kg/m?3, suggesting that it is
composed of ice and rock.

» |ts radius and mass are not accurately known - it is so small even HST
does not view it well.

Pluto-Charon binary by HST: they are apart

by only 0.9” Pluto and its moon, Charon,
E may be typical of many icy
\ objects in the Kuiper Belt.
Pluto @, ¥-17:]1 M Both have synchronous
rotations: they both “see”
‘ each other at the same

positions in the sky.




On August 24, 2006, IAU demoted Pluto to a dwarf planet. It is the
largest Kuiper belt object.

“Planets”

“Dwarf
Planets"

ight Planets and New Solar System Designations
(Credit: International Astronomical Union)

How many planets are in the Solar System? This popular question now has a new formal
answer according to the International Astronomical Union (IAU): eight. The |IAU voted on a
new definition for planet and Pluto did not make the cut. Rather, Pluto was re-classified as
a dwarf planet. Solar System objects now classified as dwarf planets are: Ceres, Pluto,
and the currently unnamed 2003 UB313. Planets, by the new IAU definition, must be in

orbit around the sun, be nearly spherical, and must have cleared the neighborhood around
their orbits. (http://antwrp.gsfc.nasa.gov/apod/)



Voyager 1 has left the solar system

Voyager 1 is the first human-made object to venture into
Interstellar space. The 37-year-old probe is about 12 billion

miles (19 billion kilometers) from our sun.
(http://www.sciencemag.org/content/341/6153/1489.abstract)
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