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Great comets 1 Ancient observations / theories

Have inspired civilizations over millenia

Ancient Greeks

-Thought that comets were atmospheric objects
: (Aristotle 3@ cent BC)

-Ancient Romans

-Believed comets were celestial in nature(Seneca 15t AD)

-Europe i maintained Aristotelian view of cosmos into
- Medieval times

-Tycho Brahe/ Kepler i proved comets are in orbit around Sun
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What is a Historic Great Comet ?

3 main properties for great comet :

(a) Closeness to the Earth
(1861 Great comet : 0.82 au from Sun / 0.13 au from Earth)

- visible for many hours in dark sky / large developed dust tail

(b) Closeness to the Sun

(Kreutz sungrazers : over 0.8au from Earth / 0.05au from
Sun)

- extremely conspicuous in close perihelion passage

c) Very large and active
(Great comet of 1811 / Hale Bopp)

- quite rare for historic great comets

- naked eye visibility for over 100 days (260 days for 1811 comet)



Types of comet orbitsd Short Period

Comet Halley recovery image (Oct 1982)
5.1m Palomar telescope / CCD camera
Magn +24.2 (bright star at bottom Magn+21)
Comet TTAU from Sun

Pluto

Halley-(76 year period)
Neptune

Ura o

Uranus

!
Dust tail

lon tail

<%0 1aRS

Comet Halley showing
The entire orbit of Halley’s Comet among the planets.

Developing coma/gas
Comet Period < 200 years & ion tails



Types of Comet Orbitd Long Period
Period > 200 years i

Returning comets (eg Hale Bopp) T 4300 year period

Fresh (dynamically new) Oort comet 1T 100,000 year period

Comet lkeya 1 Seki close to sun
(long period comet)
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 Comet Encke
= Earth )& (short perm\comet)

Comet Encke | '
Short Period

AU comeezesecios

&\\)‘yy) v Jupiter

Diagram of the orbits of Comet Ikeya-Seki (long-period comet) and Comet Encke
(short-period comet) .



Sungrazer Comets

Close perihelion passage to Sun (within few thousand km)

Influence of Sun i Evaporation of comet ices/ tidal fragmentation

Examples of Sungrazing comets(SOHO) :

SOHO images

Kreutz sunqgrazing comets :

--Fragments of one giant comet T great comets of 1843/1882/1965 (75
mile diameter nucleus- fragmented 10,000 year ago)

--plungeinto sun / disintegrate during perihelion passage
---usually are high inclination comets i perihelion < 2AU

Gravitational perturbations 1 reduce perihelion to low level

---  future great comet i likely to be Kreutz Sungrazer
----- Great comet of 1680 i sungrazer i Newton verified Kepler's

equations of orbital motion



The Origin of Comets- Oort Cloud

Immense spherical cloud surrounding solar system

Comets within Oort cloud i weakly held by Sun- perturbed by nearby stars
(solar influence out to about 2 light years)

- Orbitof Uranus . . -

Orbit of F'tnl_t:} Oort Cloud 1 40xMass of Earth

Source of periodic comets

Average distance

The Oort Clou 44,000AU from sun

The orbits of the
planets are tiny

compared to the Discovered by Jan

size of the Oort

cloud. Oo rt(1950)
Comets in Oort cloud :

-Ilcy balls of H,O / CH,/ NH4

SOURCE: NASA/JPLIYEOMANS - - & roc k /d ust

Oort Cloud formation :

Formed 4.5 billion years ago from icy/rocky debris (planetesimals)
Planetesimals ejected into large orbit by gravitational interaction with Jupiter

Ejected debris either escaped from solar system / populated Oort cloud

Comets from Oort Cloud:

Gravitational interaction between comet & passing star or molecular cloud

Causes comet to fall into solar system on long period elliptical orbit



The Origin of Cometso Kuiper Belt

Resevoir of dormant icy comets just beyond Neptune (30- 1000AU) dist)

Orbhital features:

Orbital direction same
As planets

Slightly inclined orbits

SATURN * URANUS

Source of short period
comets

1110 Kuiper belt objects known (10-50km) T millions more smaller than
100m

Kuiper belt object characteristics
icy pristine objects i mainly water / methane
Gravitational interaction with Neptune / Uranus i

- (i) eject Kuiper belt objectinto Oort Cloud / Interstellar space

(i) send object into inner solar system as short period comet

(unstable orbit)
Kuiper Belt objects:

Show Presence of coma

-Chiron (170km diameter)
-20x size of Halley comet nucleus

-Potential spectacular comet

JPL-Cakach / O. Cruikshank (NASA Ames), J. Stansberry [Unwversity of Arizona!




Comet Structured the Nucleus

Irregular shaped body i about 10 to 20 km in size

Nucleus composition i ices{H2 O,CO2,NH3} / stony & metallic
solids surrounded by dark crust - dirty snowball

Dormant in outer solar system
Rotation axis

. . . - |
Close to Perihelion : Gas jets q_;» Crust

(1) Gases evaporate in jets

Venting through crustsunl'ght,

(2) Material in jets form coma

and comet tails

Surface of Comet nucleus :

Dark material ( albedo of 4%)

Dust / complex organic molecules
Temperature of outer layers of 330K
Gas jets generate

Non-gravitational forces
(influence on comet orbital period)

Image of Halley's Comet
(Giotto Probe 1986)

Complex rotation of nucleus i rotation / spin axes and precession



Comet Structured the Coma

Cometary ice evaporation i formation of atmosphere around nucleus(coma)
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S . Coma characteristics :
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Hubble image showing :
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Ejection of icy crust from nucleus Right Ascension Offset {arcsec)

due to evaporation/ comet rotation Image of Central part

Distribution of ice particles around f)f Hale Bopp nucleus

Nucleus in coma

Distribution of
molecules / dust

Cloud of material in coma is 3.5x
Fainter than nucleus

© Fan /Jet structures
% in coma

ESO observatory



Comet Structured Gas / lon Tails

Components Of Comets

Dust / ion tails Comet tails form as | g

Comet approaches the Sun |
On ¢
Tail [

There are 3 features in the comet structure :

Hydrogen Envelope Ei
-Hydrogen molecules absorb ultra-violet L
Light and form large envelope '

Coma —-. | [k

(invisible from Earth)
MUclEus ARARE

lon Tail (Type I)

Gome_t's
Low mass ions released from kit

coma are accelerated away from
Nucleus i directly away from Sun
Strongly affected by solar wind-

sun €03

Dust Tail (Type 11)
The dust particles are left behind
Along the comet's orbit and form
a curved tail
-(carbon- rich /
-Silicate material) 1

-(Mabe over 10 million
-Miles in length)

Comet P1
McNaught




Comet Structure : H Coma / Shock Fronts

Possible Dimensions
Splar wind particlesi I Solar of Large Comet
- lonize gas in Coma (between wind
opter shock Front & contact .
strface)
-$lowed to subsonic speed
through shock and combine
wlith < Gas Tail
- cpma ions
Visible Coma
Outer Shock Front Dust Tail
(1 Million KM From Nucleus) Shock Front
Earth, Moon, and Lunar Orbit M H Coma
Scale: 1 inch = 40 Million KM
Solar wind \
%/CQW N ;
@ Dust Halos /\ \
Jupiter Contracting Plasma Envelopes 3
Possible Contact Surface ife! ton Sail Ray: Precursor) ‘
4 Large False Nucleus :-::}3 ‘ H__Cpma
/ - 3 v Inner Coma -visible
/ Visible Coma i i
; : \ millions
Contact surface Of miles
-solar wind cannot penetrate ‘L beyond
Dug¢ to comet plasma density Visible coma
lon Rays
-/
Central lon Streamer
.a:;;am-““’— Dust Tail
1.5 Inches = 1 Million KM Gas T?“ N




Halley s Comet through the Age$
1404BG& 1682AD

Perihelion distance i 0.6AU)

One of the most impressive returns of Halley' comet
-Passed only 0.1au from Earth after Perihelion (magn-4)
-Tail spanning over 90deg (visible all night)

Halley's comet (Adoration of Magh.{ Giotto fresco

1301 (Giotto's Christmas star)

pre-perihelion encounter
(comet only 0.18au from Earth)
Comet Magn+2 (tail 50-70deq)

-Giotto painted Nativity scene
-In Arena Chapel(Padua) in 1306
(realistic comet)




Halley s Comet through the Ages
1680ADo 1836AD

1682 Return i seen by Halley and Newton (Magn 0-1) 30deg talil

17591 first predicted return 7 only 0.122au from Earth
(seen by Messier T best seen in southern hemisphere )

18351 seen and sketched by Sir John Herschel (southern hemisphere)
fairly close (0.19au) to Earth before perihelion (Nov 1835)

After Perihelion 7 outburst of comet
1.5AU from Sun

-Brightened by 2 to 3 magnitudes
-- enormous halo(million miles in 3 weeks)

-Likened to transparent gauze




Halley's Comet through the Ages
1910AD

Close approach (0.15au)
& bright (magn -1.5)

Earth passed through gas tail
& leading edge of dust tail
missed by 240,000 miles

Last seen by Barnard on
May 23 1911 at 5 au from Sun

Spectroscopic analysis of tail
- Discovery of cyanogen

Disconnection events seen in tail T effect of Solar wind

Digitized / colourized image from 1910
(Kitt Peak Observatory)

Sequence of
Images from 1910
Showing
Comet Halley
e (Aprl910-Junl1910)
Iln HOH:{ i’i{)m




Halley s Comet through the Ages
1986AD

Halley's comet nucleus
(imaged by Giotto

Halley's comet(1986)

5 spacecraft sent to investigate Halley's comet :

Giotto (Jul 85) / Vega 1&2(Mar 86- USSR) / Sagikake &Suisei(Japan)

Halley Comet Events

CCD Recovery image(Mag?24)
(Oct16 198271 11 AU from Earth)

Fist visual sighting (Mag19.6)
(Jan 23198571 4.3AU from Earth)

First Naked Eye sighting
(Nov 8 1985) 1 0.9AU from Earth

Perihelioni Feb 9™ 1986
Giotto Flyby - Mar 14 1986
Closest Approach to Earth

(Apr 1986 )- 0.4AU (dust tail 30-
50degq)

lon Tail Detachment event
(Apr 1986 (Cerro Toledo Observatary).| naked eye sighting

(May 29 19861 1.7AU from Earth)



Great Comets (18 6 19" Century)
(a) 1577

First comet shown to be more distant than Moon

Perihelion Oct 271 0.18AU from Sun
Mag -7 (Nov 1%Y) 15x brighter than Venus

A
Tycho Brahe observation(Novﬁ:g

860 coma / curveld 2 g dust tai

Chinese observers (Nov 14)
50 deg tail T 0.8AU
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Great Comets (16t 19th Century)
(b) 1680

AN
First great comet discovered with telescopef\ L L A R M
Perihelion : only (Earth-Moon ) distance 5 U R O P E:

from Photosphere By a Late Prodigious
Famous observers: feen November and December, 1680,
Flamsteed (Dec20) i Greenwich mg;,jg:;r:g;,gﬁmmw and
. . . t orld,
(tail halfway across sky 1 like sabre) N;e&m;“%;gmm._w:ng., .,
By Joba 44k PhyGtian a0d Aftrologe:.
Issac Newton (Feb 18t 1681) Rl o e sk

(2.2 au from Earth)

o




Great Comets (16td 19th Century)
(€) 174  ~_ ><]
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Spotted at 1AU from<Earth ™ | O S
ot . \I. ’//’/ y . //)<\\ P
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Feb 1 1744-Arighter~_ ¥
than Venus X

Feb 281 visible

In daylight # 3
(12deg from & o

Mar61 5 sebarate tafls above horizon (30°deg fan)
(comet head 20 deg
below horizon)

Mar 18 T tail 90deg
Across sky

5 months of naked
Eye visibility

Greatest intrinsic
Brightness of any
sungrazer




Great Comets (16t 19th Century)
(c) 1811

Found on Mar 25 1811

Huge / bright comet

(visible to naked eye longer than
Any comet in over 500 years)
Perihelion distance of 1.04 AU
Oct 16 T circumpolar object

(gas tail 24deg )
Herschel i nucleus(ruddy hue) / coma (bluish/green tinge)

Oct 20 7 closest to Earth(1.1AU) i visible coma larger than Sun
Dec 1811 i Tail length over 70deg (1.3AU)
Visible to naked eye until Jan 1812( over 10 months)

Seen in telescopes over 3.3AU from Earth



