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Surface temperature 450K

Atmosphere almost 100% CO
Pressure 90 times Earth’s
Sulphuric Acid Rain
Thick crust leads to regular

volcanic resurfacing
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Runaway Greenhouse Effect



Our nearest neighbour: Venus

Since Venus formed in approximately the same part of the 
solar system as Earth, why did it end up with so little water?

Water enters atmosphere by outgassing or arrival of comets.

Most likely possibility – because 
Venus is nearer Sun, and 
hotter, water never condensed 
from atmosphere

Water molecules were then 
broken up by sunlight  –
hydrogen escaped into space



Formation of the Moon: 
Impact from Mars-sized 
planetesimal during first 
billion years.



Simulations of Lunar formation

Alistair Cameron: Harvard College Observatory



Simulations of Lunar formation

Alistair Cameron: Harvard College Observatory





Impact energy = 1 million million megatons



Impact energy = 1 million million megatons

20 billion cubic kilometres of the 
crust sprayed into space

Atmosphere ejected into space

Ring of material coalesces into Moon
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Life on Mars?

The planet Mars lies tantalisingly close to the habitable zone.
Could it harbour life?  First look for water.

Early observations (from the end of the 19th century) showed 
polar caps, whose size varies through the Martian year. 

Mars from Hubble Space Telescope Mars from Global Surveyor; image NASA/JPL/MSSS



Schiaparelli, in 1877, described channels or ‘canali’ on Mars

Percival Lowell, a famous 19th century astronomer, claimed to
have observed ‘canals’ on Mars - a claim which was later proved
wrong by spacecraft observations

Lowell’s drawings of the Martian surface

Any life on Mars (at the 
present at any rate) is not 
the canal-building type



Martian Meteorites

Of the 22,000 or so meteorites that have been discovered on Earth, 
only 26 have been identified as originating from the planet Mars

These rare meteorites created a stir throughout the world when 
NASA announced in August 1996 that evidence of microfossils 
may be present in one of these Mars meteorites, found in Antarctica

The team found unusual compounds 
- iron sulphides and magnetite -
that can be produced by anaerobic 
bacteria and other organisms on Earth



The possible evidence of life 
in ALH 84001 was all found in 
and around carbonate mineral 
globules

0.5mm

Scanning electron microscope
image, showing bacteria-like
structures



Mars 2004:Mars 2004:
Mars Express ( + Beagle 2)

Spirit + Opportunity



Jan 23rd 2004:

Mars Express 
Orbiter detects 
water ice at the 
South Pole of Mars.
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Water on Mars

Images suggest flowing water 
on Mars in the past

Mars Earth









2mm

















Detecting signs of life on other planets

Many space exploration missions have been launched, with a main
goal being to look for signs of life on other planets in the solar system

One obvious question to ask - if one such mission flew past Earth,
would it detect signs of life here?

This question was answered by 
the Galileo mission to Jupiter. On 
its way to Jupiter it also recorded 
data from Earth

Earth flyby was at a distance 
of 960km, on 8th December 
1990

The instruments analysed Earth as if it were an unknown planet





Results of Galileo flyby of Earth

Infrared images suggested large pools of water. Temperature
measurements showed that this was liquid, not ice

Large oxygen content found in atmosphere. Dissociation of
water by sunlight not enough to explain this → biological action

Large concentration of methane gas (CH4), also suggesting 
biological activity

Non- ‘natural’ radio emissions, best evidence of intelligent life

None of these signatures were seen from any other planetary flyby



The moons of JupiterThe moons of Jupiter





The moons of JupiterThe moons of Jupiter



Tidal forces have a major influence on Europa

The icy crust of the moon is covered in ‘cracks’ due to tidal stresses, 
and beneath the crust it is believed that frictional heating may result 
in a thin ocean layer









Inside Europa





Corroborative evidence from Galileo Magnetometer measurements:

Magnetic field from
subsurface shell:

Salty Ocean?…



From Science (2002)







JIMO:
Jupiter Icy Moons Orbiter



ICEPICK:
Europa lander mission





Inside Europa

Could there be life?…..



































Are we alone in the Universe?…

Is life on Earth an
extraordinary accident?



This leads us to another big question:

The Milky Way is about 10 billion years old, and contains 
around 100 billion stars

If the Galaxy is so big, and so old, shouldn’t it already be 
teeming with intelligent life?  

Why haven’t we found any yet?…



This leads us to another big question:

If the Galaxy is so big, and so old, shouldn’t it already be 
teeming with intelligent life?  

Why haven’t we found any yet?…

Fermi’s Paradox:
“Where is Everybody?……”



They are here and are meddling in Human affairsThey are here and are meddling in Human affairs



They were here, and left evidence of their presenceThey were here, and left evidence of their presence





They exist but have not yet communicatedThey exist but have not yet communicated

The stars are very far away / they have not     
had time to reach us

Voyager 1 would take ~75000 years to reach Proxima Centauri……



They exist but have not yet communicatedThey exist but have not yet communicated

The stars are very far away / they have not     
had time to reach us

Voyager 1 would take ~75000 years to reach Proxima Centauri……

……but this is less than 100,000th of the age of the Galaxy
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They stay at home…



They exist but have not yet communicatedThey exist but have not yet communicated

They stay at home…

…and surf the net



They exist but have not yet communicatedThey exist but have not yet communicated

They are signalling but we don’t know how to listen

The ‘Waterhole’:  strong H and OH emission between 
1.42 GHz and 1.64 GHz



They do not existThey do not exist

Rocky planets are rare

Mercury



They do not existThey do not exist

Rocky planets are rare



They do not existThey do not exist

Jupiters are rare



They do not existThey do not exist

Jupiters are rare







On the Infinite Universe and 
worlds (1584)

“…there is not merely one world, 
one earth, one sun,  but as many 
worlds as we see bright lights 
around us.”

“all those worlds … contain animals 
and inhabitants no less than can our 
own earth, since those worlds have 
no less virtue nor a nature different 
from that of our earth”.Giordano Bruno

(1548 – 1600)


