Rendezvous with a Comet
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Introduction

= The history of comet watching dates back to 1000
BC from the Chinese records and Chaldea, a place
In present lrag.

Comets have been regarded as omen, even as
recently as 1986.

= Battle of Hastings - 1066
Astronomer study Comets from scientific

JEISpectives, and our understanding of these
IS€INating objects have grown tremendously.



Dirty Snowballs

= Comets are dusty chunk of ice

= During each orbit around the sun they
partially vaporize |

ave elliptical Orbits

Courtesy: Calvin J. Hamilton



Structure of a Comet

m Solar heat vaporizes the
nucleus to produce Anatomy of a Comet

Coma - Hydrogen gas
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Orbits of Comets

= Elliptical in Shape Aphelion distance

A

Randomly oriented  comet /

Perihelion distance



Comet Hunters

. = Comet are named by International
Astronomical Union (IAU) after the person
ho first discovers them.

Bh\Vlany comets are discovered by amateur
astronomers.

@harles Messier, E. E. Bernard, Shoemaker
anicrlevy, Hale and Bopp, lkeya, Seki and
Slay/akutake are popular comet hunters.



Origins of Comets

= Comets are thought to be the left over debris from
during the time of formation of the solar system.

The elliptical orbits of comets suggest that they



Possible Homes for Comets

Orbit of Binary

= Kuiper Belt S e e
- Oort CIOUd Kuiper Belt and outer ‘

Solar System planetary orbits

The Oort Cloud
(comprising many
billions of comets)

QOort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
illustraton (NASA, JPL)

Courtesy - Deep Impact - NASA - JPL



Kuiper Belt

= Discovered by Gerard Kuiper in 1951
The belt 1s 30 to 500 AU from the Sun
_ o_lane of the belt 1s close the to the




Oort Cloud

= Hypothesized by a Dutch Astronomer Jan
Oort in 1950.

» hape IS spherical distribution around the



Comets and their periods

= Jupiter-family: Kuiper belt

= 20 years.

= Gravitational perturbations by Neptune
Elliptical orbits close to the Sun
Captured by Saturn as outer satellites



Comets and thelr periods

| - Oort Cloud Comets

= Intermediate-periods: period 20 - 200 years
Long-periods: period 1-3 million years
Orbits steeply inclined to the plane of ecliptic

Spend most of their time 10,000 to 100000 AU from
Sun

= About 1 long-period comet is discovered every month

LIS thought that many of these comets were icy
planetesimals that orbited the Sun and were near the
Jovian planets when the solar system was formed.
Gravity from the Jovian planets catapulted these objects



Sun Grazing Comets

. * These Comets come very close to the Sun
and can also fall into the Sun.

Eruptive performance



Hydrogen Envelope of Comet

= \When the Comet approaches the Sun, it nucleus
begins to vaporizes creating a hydrogen gas
envelope around it. This envelope is not visible to
the naked eye.



Comets Talls

= |_udwig Biermann propose the idea of solar
wind to explain comet tails. Mariner 2
spacecraft captured the one such event In




Comets Talls

= The solar wind produces three Comet tails that
point away from the motion of the Comet.

= The blue ion tails is ionized atoms of CN and C.,.

= The dust tail is produced when the photons from the
Sun strike the dust particles and produce radiation
pressure on them. This causes the dust particles to drift
way from the come.

The effect of solar wind on dust particles is less compared to
hat on 1ons, this gives the dust tails a curved shape.

hird tail 1s made up of Sodium and is usually

le to the unaided eyes.



Basic Physics of Comets

= Comets obey Kepler laws of planetary motion,
Newton law’s of motion and Newton’s law of
gravity.

B Nucleus Density = Mass /Volume =~ 1000 kg/m?3

BRErom Kepler’s 3™ Law the aphelion distance can
)€ determined
(Period in years)? = (aphelion distance in AU)3



Basic Physics of Comets

= The tidal force on the Comet can be
estimated from:

= Force = (Solar Mass)(Comet Radius)/
(distance)?®

ibhe brightness of a Comet can be determined

=N ecar the sun n ~ 4
\



Basic Physics of Comets

= The linear size of any object in the sky can be
determined by the small angle formula:

Do ad
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Comets and their Spectra

L = Spectroscopy Is a technique in which light is
broken into Its component colors. Each chemical
element show their fingerprint in the spectrum of



Observed Composition

= H, C, C,, C;, CH, CN, HCN, CH;, NH, NH,, O, OH,
H,O, Na, K, Ca, V, Cr, Mn, Fe, Co, NI, Cu plus dust
particles with silicates

|

* CO*, CO,* N,*, OH*, H,0%, Ca*, plus dust
cles with silicates



Comet Collisions

= Comet collision with Earth can bring devastation
to life on Earth.

Jupiter in our solar system is the largest planet and



- Comet Collisions
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Earth 100 minutes after a G-Sized impact

Jupiter
18 July 1994

Hubble Space Telescope

G impact scar reprojected onto Earth, to scale
Planetary Camera

From e vpoorming ook “The Greal Comet Crasiy’, edited
&y J Spencer amd J Millon, Cambiidge Universily Fress

ASA/JPL



