


Great  comets ïAncient observations / theories

Have inspired civilizations over millenia

Ancient Greeks

-Thought that comets were atmospheric objects

- (Aristotle 3rd cent BC)

-Ancient Romans 

-Believed comets were celestial in nature(Seneca 1st AD)

-Europe ïmaintained Aristotelian view of cosmos into

- Medieval times

-Tycho Brahe/ Kepler ïproved comets are in orbit around Sun

Wood-cut from German Pamphlet (Great comet of 1556)



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 orbits ðShort Period

Pluto

Neptune

Uranus

Saturn

Jupiter

Comet Halley (76 year period)

Comet Halley recovery image (Oct 1982) 

5.1m Palomar telescope / CCD camera

Magn +24.2 (bright star at bottom  Magn+21)

Comet 11Au from Sun 

Comet Halley showing

Developing coma/gas

& ion tailsComet Period < 200 years 



Types of  Comet Orbit ðLong Period

Jupiter

Comet Ikeya-Seki(`1965)

Long Period

Earth

Comet Encke

Short Period

Comet Ikeya ïSeki close to sun

(long period comet)

Comet Encke

(short period comet)

Period > 200 years ï

Returning comets (eg Hale Bopp) ï4300 year period

Fresh (dynamically new) Oort comet ï100,000 year period



Sungrazer Comets

Close perihelion passage to Sun (within few thousand km)

Influence of Sun ïEvaporation of comet ices/ tidal fragmentation 

Examples of Sungrazing comets(SOHO) :

Kreutz sungrazing comets :

--Fragments of one giant comet ïgreat comets of 1843/1882/1965 (75 

mile diameter nucleus- fragmented 10,000 year ago)

--plunge into sun / disintegrate during perihelion passage

---usually are high inclination comets ïperihelion < 2AU

Gravitational perturbationsïreduce perihelion to low level 

--- future great comet ïlikely to be Kreutz Sungrazer

----- Great comet of 1680 ïsungrazer ïNewton verified Kepler`s 

equations of orbital motion 

SOHO images



The Origin of  Comets - Oort Cloud

Immense spherical cloud surrounding solar system

Comets  within Oort cloud ïweakly held by Sun- perturbed by nearby stars

(solar influence out to about 2 light years) 

Oort Cloud ï40xMass of Earth

Source of periodic comets

Average distance ï

44,000AU from sun

Discovered by Jan 

Oort(1950)

Comets in Oort cloud :

-Icy balls of H2O / CH4 / NH3

- & rock /dust

Gravitational interaction between comet & passing star or molecular cloud

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

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:



The Origin of  Comets ðKuiper Belt
Resevoir of dormant icy comets just beyond Neptune (30- 1000AU) dist)

Orbital features:

Orbital direction same

As planets

Slightly inclined orbits

Source of short period 

comets  

1110 Kuiper belt objects known (10-50km) ïmillions more smaller than 

100m

Kuiper belt object characteristics

icy pristine objects ïmainly water / methane

Gravitational interaction with Neptune / Uranus ï

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

(ii) 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

-



Comet Structure ðthe Nucleus

Irregular shaped body ïabout  10 to 20 km in size

Nucleus composition ïices{H2 O,CO2,NH3} / stony & metallic 

solids  surrounded by dark crust  - dirty snowball

Dormant in outer  solar system

Close to Perihelion :

(1) Gases evaporate in jets

Venting through crust

(2) Material in jets form coma

and comet tails 

Image of Halley`s Comet 

(Giotto Probe 1986)

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)

Complex rotation  of  nucleus ïrotation / spin axes and precession 



Comet Structure ðthe Coma
Cometary ice evaporation ïformation of atmosphere around nucleus(coma)

Coma characteristics :

- Very low density

- Millions of miles in extent

- Neutral Coma particles excited   

by solar    wind and ionized .

Infra-red observation show extended 

Distribution of dust in coma

Image of Central part 

of Hale Bopp nucleus

:

Distribution of 

molecules / dust 

Fan / Jet  structures 

in coma

ESO observatory

Hubble image showing :

Ejection of icy crust from nucleus

due to evaporation/ comet rotation

Distribution of ice particles around 

Nucleus  in coma

Cloud of material in coma is 3.5x 

Fainter than nucleus

Comet Hale-Bopp

nucleus

Ejected ices



Comet Structure ðGas / Ion Tails

Dust / ion tails Comet tails form as 

Comet approaches the Sun

There are 3 features in the comet structure :

Hydrogen Envelope

-Hydrogen molecules absorb ultra-violet 

Light and  form large envelope

(invisible  from Earth)

Ion Tail (Type I)

Low mass ions released from

coma are accelerated away from 

Nucleus ïdirectly away from Sun

Strongly affected by solar wind-

Dust  Tail (Type II)

The dust particles are left behind

Along the  comet`s orbit and form 

a curved  tail 

-(carbon- rich /

-Silicate material) ï

-(Mabe over 10 million 

-Miles  in length)

Comet P1 

McNaught



Comet Structure : H Coma / Shock Fronts

Solar

wind

Solar wind  particlesï

- ionize gas in Coma (between 

outer shock Front & contact 

surface) 

-Slowed to subsonic speed 

through shock and  combine 

with 

- coma ions

Solar wind & 

coma ions

Contact surface

-solar wind cannot penetrate

Due to comet plasma density 

H-coma 

-visible 

millions 

Of miles 

beyond

Visible coma 



Halley`s Comet through the Ages ð

1404BC ð1682AD

Halley`s comet (Bayeux Tapestry) 1066AD` 

Halley`s comet (Adoration of Magi) ïGiotto fresco

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)  

1301 (Giotto`s Christmas star)

pre-perihelion encounter

(comet only 0.18au from Earth)

Comet Magn+2 (tail 50-70deg)

-Giotto painted Nativity scene

-In Arena Chapel(Padua) in 1306 

(realistic comet)

Perihelion distance ï0.6AU)



Halley`s Comet through the Ages 

1680AD ð1836AD
1682 Return ïseen by Halley and Newton (Magn 0-1)   30deg tail 

1759 ïfirst predicted return ïonly 0.122au from Earth 

(seen by Messier ïbest seen in southern hemisphere ) 

1835 ïseen and sketched by  Sir John Herschel  (southern hemisphere)

fairly close (0.19au) to Earth before perihelion (Nov 1835)

After Perihelion ïoutburst 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 ïeffect of Solar wind

Digitized / colourized image from 1910

(Kitt Peak Observatory) 

Sequence of 

Images from 1910

Showing 

Comet Halley

(Apr1910-Jun1910)



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)

Ion Tail Detachment event

(Apr 1986 (Cerro Toledo Observatory)

Halley Comet Events

CCD Recovery image(Mag24)

(Oct16 1982 ï11 AU from Earth)

Fist visual sighting (Mag19.6)

(Jan 23 1985 ï4.3AU from Earth)

First Naked Eye sighting

(Nov 8 1985) ï0.9AU from Earth

Perihelion ïFeb 9th 1986

Giotto Flyby  - Mar 14 1986

Closest Approach to Earth 

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

50deg)

Final naked eye sighting

(May 29 1986 ï1.7AU from Earth)  



Great Comets (16thð19th Century)
(a) 1577

First comet shown to be more distant than Moon

Perihelion Oct 27th ï0.18AU from Sun

Mag -7 (Nov 1st)  15x brighter than Venus

Tycho Brahe observation(Nov13)

8ô coma / curved 22deg dust tail

Chinese observers (Nov 14)

50 deg tail ï0.8AU 

Most famous observer  - Elizabeth I  



Great Comets (16th ð19th Century)

(b) 1680

1680 Great comet

First great comet discovered with telescope

Perihelion : only (Earth-Moon ) distance 

from Photosphere

Famous observers:

Flamsteed (Dec20) ïGreenwich 

(tail halfway across sky ïlike sabre)

Issac Newton (Feb 18th 1681)

(2.2 au from Earth)

Comet Pamphlet(1680)

Perihelion distance ï

0.01AU



Great Comets (16th ð19th Century)

(c) 1744
Spotted at 1AU from Earth

(3months before perihelion)

Feb  1 1744- brighter

than Venus

Feb 28 ïvisible

In daylight

(12deg from sun)

Mar 6 ï5 separate tails above horizon (30 deg fan)

(comet head 20 deg 

below horizon) 

Mar 18 ïtail 90deg

Across sky

5 months of naked

Eye visibility

Greatest intrinsic 

Brightness of any

sungrazer  



Great Comets (16th ð19th 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 ïcircumpolar object 

(gas tail 24deg )

Herschel ïnucleus(ruddy hue) / coma (bluish/green tinge)

Oct 20 ïclosest to Earth(1.1AU) ïvisible coma larger than Sun

Dec 1811 ïTail length over 70deg (1.3AU)

Visible to naked eye until Jan 1812( over 10 months)

Seen in telescopes over 3.3AU from Earth


