
Comets

What are they?

Where do they come from?
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Lesson Objectives

 To distinguish between the orbits of planets and 

those of comets.

 To describe the likely origins of short-period 

and long-period comets.

 To describe the structure of a typical comet and 

account for its tails.



So what is a comet?
• An icy ball that travels through a 

Solar System

• When close enough to the Sun it 

displays a visible coma (a thin, 

fuzzy, atmosphere) and 

sometimes also a tail as the icy 

starts to melt. 

•Comet nuclei range from a few 

hundred metres to tens of 

kilometres across 

• Composed of loose collections of 

ice, dust, and small rocky 

particles. 



Comets in history
 Comets have been observed 

since ancient times and have 
traditionally been considered 
bad omens. 

 Halley's Comet depicted on 
the Bayeux Tapestry which 
shows King Harold II being 
told of the comet before the 
Battle of Hastings in 1066. 

 The “Star of Wonder” that 
guided the Three Kings was 
thought to be a comet…



Nucleus of 

103P/Hartley with 

jets streaming 

out. 

It is ~2km in 

length and 400m 

wide at its 

narrowest point. 

Comets are thought to be the source of water on Earth

Nasa develops space 

harpoon to take 

samples from comets

http://www.bbc.co.uk/news/science-environment-15181123
http://www.bbc.co.uk/news/technology-16183378


What is a comet made of?

Tail

Coma

Nucleus – made of rock, dust, water 

ice, and frozen gases such as carbon 

monoxide, carbon dioxide, methane 

and ammonia.



A STORY OF 2 TAILS..
A dust tail contains small, solid 

particles that are about the same 

size found in cigarette smoke. This 

tail forms because sunlight pushes 

on these particles, gently pushing 

them away from the comet’s 

nucleus. Because the pressure from 

sunlight is relatively weak, the dust 

particles end up forming a diffuse, 

curved tail.

A gas ion tail forms when 

ultraviolet sunlight rips one or 

more electrons from gas atoms in 

the coma, making them into ions 

(a process called ionisation). The 

solar wind then carries these ions 

straight outward away from the 

Sun. The resulting tail is 

straighter and narrower



Material coming 

off 

Schwassmann–

Wachmann 

which broke up 

over three days 

in 1995, as 

seen by 

Hubble.



Kuiper Belt

• 30 to 55 AU from 

our Sun

• Like the asteroid 

belt but consisting of 

debris made of ices

• Short-period comets 

(less than 200 years) 

originate from here



Oort Cloud

• Hypothetical source of 

comets that stray into our 

Solar System

• 50,000 AU from the Sun

• Long-period comets (up to 

millions of years) plunge 

towards the Sun because of 

gravitational perturbations 

caused by the outer planets 

or passing stars. 





Comet Shoemaker–Levy 9

 a comet that broke apart and collided with 

Jupiter in July 1994, providing the first direct 

observation of an extraterrestrial collision 

http://www.youtube.com/watch?v=HXgq3Iq4wOk
http://www.youtube.com/watch?v=CiLNxZbpP20&


METEORS
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Lesson Objectives

 To distinguish between meteoroids and 

meteorites.

 To understand that meteors (shooting stars), 

meteor showers and fireballs are visual effects 

and explain the mechanisms that cause these.

 To relate meteor showers to comets and 

explain why meteors appear to diverge from a 

radiant point.



Some Definitions…
 Asteroids (aka planetoids) are a 

class of small bodies in orbit 

around the Sun. 

 Small rocky and metallic bodies of 

the inner Solar System out to the 

orbit of Jupiter. 

 There are millions of asteroids, 

thought to be the shattered 

remnants of planetesimals that 

never grew large enough to 

become planets.
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Some Definitions…
 Meteoroid: Dust and debris 

left behind from a comet or 

asteroid floating in space 

before it enters the 

atmosphere. 

 Small particles (no bigger 

than a boulder) 

 Anything bigger is an 

asteroid.
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Some Definitions…
 Meteors: Meteoroids that 

enter the atmosphere and 

burn up. 

 Aka‘shooting stars’ or ‘falling 

stars’. Most burn up and 

never land at the surface.
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Some Definitions…

 Meteorites: a portion 

of a meteoroid that 

survives its passage 

through the 

atmosphere and 

impacts with the 

ground without being 

destroyed.
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The Barringer Crater, Arizona

Larger rocks can sometimes generate an impact crater, though 

most are too small to do so. During energetic collisions, the 

entire impactor may be vaporized, leaving no meteorites.





Some Definitions…

 Fireball: “a meteor 

brighter than any of the 

planets”

 Bolide: exceptionally 

bright fireball, particularly 

one that explodes creating 

audible sounds.

http://www.bbc.co.uk/news/uk-17249423
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Why can we see Meteors?
 Meteors become visible between about 40 and 100 

miles (65 and 120 km) above the Earth disintegrating 

between 30 to 60 miles (50 to 95 km).

 We can see meteors between 10cm to several metres 

due to the atmospheric ram pressure (not friction!) that 

heats the meteoroid so that it glows and creates a 

shining trail of gases and melted meteoroid particles. 

 The gases include vaporized meteoroid material and 

heated atmospheric gases

http://en.wikipedia.org/wiki/Ram_pressure


Radiants
 The radiant of a meteor shower is the point in the sky, from 

which meteors appear to originate.

 An observer might see such a meteor anywhere in the sky but 

the direction of motion, when traced back, will point to the 

radiant. 

 Cause - trails of dust and debris left in the wake of a comet. 

This dust continues to move along the comet's wake, and when 

the Earth moves through such debris, a meteor shower results. 

 As all of the debris is moving in roughly the same direction, the 

meteors which strike the atmosphere all "point" back to the 

direction of the comet's path.



COLLISION COURSE!
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Lesson Objectives
 To describe the orbits and nature of PHOs.

 To appreciate the need to monitor how PHOs

move.

 To appreciate the potential consequences to life 

on Earth of a collision between a large 

PHO and our planet.

 To describe some of the evidence of past 

collisions within our Solar System.



What is a PHO?

 Potentially Hazardous Object!

 An object is considered a PHO 

if it comes within <0.05AU and 

its diameter is >150 m 

 This will devastate human 

settlements unprecedented in 

human history or cause a major 

tsunami.

 Such impact events occur on 

average around once per 

10,000 years.
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4179 Toutatis
 Discovered in 1989, Toutatis makes frequent close 

approaches to Earth as small as 0.006AU (2.3 lunar 

distances).

 The next close approach will be December 12, 2012, 

at a distance of 0.046 AU.

 By the middle of May 2012 the asteroid will become 

brighter than magnitude 19.5

 The likelihood of collision is very small.Toutatis is 

likely to be ejected from the Solar System within a few 

tens of thousands of years

file://chelmervalley.sharepoint.com/upload.wikimedia.org/wikipedia/commons/8/89/Asteroid_4179_Toutatis.faces_model.jpg


The Torino Scale
 A method for categorizing the impact hazard 

associated with near-Earth objects (NEOs)



NO HAZARD (white)

0.
The likelihood of a collision is effectively zero. Also applies to small meteors 

that burn up in the atmosphere.

NORMAL (green)

1.

Passes near the Earth and poses no unusual level of danger. Chance of 

collision is extremely unlikely with no cause for concern. New observations 

will lead to re-assignment to Level 0.

MERITING ATTENTION BY ASTRONOMERS (yellow)

2.

Object makes a close but not highly unusual pass near the Earth. While of 

interest to astronomers, there is no cause for concern as a collision is very 

unlikely. New observations will lead to re-assignment to Level 0.

3.

A close encounter, meriting attention by astronomers. 1% or more chance of 

collision causing localized destruction. New observations will lead to re-

assignment to Level 0. Attention by public and by public officials is merited if 

the encounter is less than a decade away.

4.

A close encounter, meriting attention by astronomers. Current calculations 

give a 1% or greater chance of collision capable of regional devastation. 

New observations may lead to re-assignment to Level 0. Attention by public 

officials is merited if less than a decade away.



THREATENING (orange)

5.

A close encounter posing a serious, but uncertain threat of regional devastation. 

Critical attention by astronomers is needed to determine whether a collision will 

occur. If less than a decade away, governmental contingency planning may be 

warranted.

6.

A close encounter by a large object posing a serious but uncertain threat of a global 

catastrophe. Critical attention by astronomers is needed to determine conclusively 

whether a collision will occur. If the encounter is less than 30 years away, 

governmental contingency planning may be warranted.

7.

A very close encounter by a large object poses an unprecedented but uncertain 

threat of a global catastrophe. If less than 100 years away, international contingency 

planning is warranted, to determine whether a collision will occur.

CERTAIN COLLISIONS (red)

8.

A collision is certain, capable of causing localized destruction for an impact over land 

or a tsunami if close offshore. Such events occur on average every 50 years to 

several thousand years.

9.

A collision is certain, capable of causing unprecedented regional devastation for a 

land impact or the threat of a major tsunami for an ocean impact. Such events occur 

on average between once per 10,000 years and once per 100,000 years.

10.

A collision is certain, capable of causing global climatic catastrophe that may threaten 

the future of civilization as we know it. Such events occur on average once per 

100,000 years.



The Spaceguard Centre

 The Spaceguard Centre is the 

only organisation in the UK 

addressing the hazard of 

NEOs.

 Promotes British participation 

in the international programme 

to detect Earth crossing 

asteroids and comets and to 

protect the Earth from 

potentially catastrophic 

collisions.

 Non-governmental and 

receives no external funding.

http://www.spaceguarduk.com/
http://www.spaceguarduk.com/images/stories/sg_in_snow.jpg


Impact Simulators

education.down2earth.eu/

impact.ese.ic.ac.uk/ImpactEffects/

www.purdue.edu/impactearth

http://education.down2earth.eu/
http://impact.ese.ic.ac.uk/ImpactEffects/
http://www.purdue.edu/impactearth

