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ATMOSPHERIC TOPICS COVERED

• Formation of complex molecules

• Protection from FUV, UV radiation

• Effect on the circumstellar Habitable Zone

• Protection from meteoroids



FORMATION OF COMPLEX MOLECULES

The interstellar medium and Jupiter
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PROTECTION FROM FUV, UV RADIATION

Some early type stars have a hot enough photosphere to 
generate high levels of FUV radiation and a stellar wind that 

strips a nearby planet of its atmosphere.



Strong FUV or UV radiation is normally harmful 
to surface life.  If stable, an atmosphere may 
mitigate this through the following:

• atmospheric absorption
- e.g. ozone on Earth
- methane, hydrocarbons

• clouds
- reflect radiation back to space

• drizzle
- liquid aerosol absorption
- e.g. Titan



CIRCUMSTELLAR HABITABLE ZONES

The habitable zone, is the range of orbits 
around a star within which a planetary 
surface can support liquid water given 

sufficient atmospheric pressure.







The inner edge of the HZ is the distance where a runaway 
greenhouse effect vaporizes the whole water reservoir and as 
a second effect, induces the photodissociation of water vapor 
and the loss of hydrogen to space. 

The outer edge of the HZ is the distance from the star where 
adding more carbon dioxide to the atmosphere fails to keep 
the surface of the planet above the freezing point.



The strict habitable zone for the Earth (as it is) is roughly 
0.9 to 1.1 AU.

If we allow different CO2 abundance to control the
greenhouse effect, the range likely extends from 0.85 to 
1.4 AU and maybe even 1.7 AU.

Adding 50% H2 and volcanoes to a water+CO2
atmosphere increases the outer edge to 2.4 AU.

Terrestrial planets that accrete tens-to-thousands of bars 
of primordial H2 from the protoplanetary disk may be 
habitable at distances as far out as 10 AU in our solar 
system.





Circumstellar habitable zones change over time 
with stellar evolution.

A given planet may change between being 
habitable and non-habitable as the star ages.

In order to deal with this increase in luminosity, 
the concept of a continuously habitable zone has 
been introduced.



CIRCUMSTELLAR HABITABLE ZONES ARE 
NOW SPLIT INTO TWO SEPARATE REGIONS:

• a "conservative habitable zone" in which lower-
mass planets like Earth or Venus can remain 
habitable

• a larger "extended habitable zone" in which 
super-Earth planets, with stronger greenhouse 
effects, can have the right temperature for 
liquid water to exist at the surface



WHETHER A BODY IS IN THE 
CIRCUMSTELLAR HABITABLE ZONE 

OF ITS HOST STAR IS DEPENDENT ON 

• the radius of the planet's orbit

• the mass of the body itself, and 

• the radiative flux of the host star. 



Mass of the planet also matters:

-- mass controls the amount of atmosphere retained
-- affects amount of continuing volcanic activity
-- may change the amount of water retained.

Too small mass:
-- too thin atmosphere
-- core solidifies so volcanic activity gone

Too big mass:
-- retains hydrogen atmosphere –extremely thick



Mass of Star matters:

More massive stars are brighter:
-- habitable zone moves out from star to larger 

radius because “energy in = energy out”

Less massive stars are dimmer:
-- habitable zone moves to small radius



Tidal effects

If a planet is close enough to its host star, then the
gravity of the star tends to:

- Make the planet’s orbit more circular
- Make the planet rotate with the same period it 

orbits

This latter is called “tidal locking”, and happens 
only for planets very close to their star; e.g. star is 
very low mass.



The Age of the Star matters

Younger stars are dimmer:
-- zone is closer to star

Older stars are brighter:
-- zone is farther from star



CONCLUSION

A planet’s atmosphere can extend its circumstellar 
habitable zone through

clouds and circulation at the inner edge

greenhouse warming at the outer edge, 
particularly in super-Earths, which can hold high 
surface pressures and massive atmospheres



PROTECTION FROM METEOROIDS

An atmosphere provides protection from 
Meteoroids



METEOROIDS :  PRIMARILY DEBRIS FROM 
COMET TAILS AND THE ASTEROID BELT.

• Fastest move at about 42 km/s through space 
in the vicinity of Earth's orbit.

• Speed entering the Earth’s atmosphere is 
typically in excess of 20 km/s.

• The resulting meteors may occur in showers.



METEOR ALTITUDES

Meteors become visible 
between about 75 to 120 km 

above Earth. 

They usually disintegrate at 
altitudes of 50 to 95 km.



THE ENTRY OF METEOROIDS INTO EARTH'S 
ATMOSPHERE PRODUCES THREE MAIN 

EFFECTS: 

• ionization of atmospheric molecules

• dust that the meteoroid sheds, and 

• the sound of passage.



An ionization trail is created, 
which can last up to 45 minutes 
at a time.

They create plasma. The newly 
charged elements can take as 
much as a full day to decay.



SMALL, SAND-GRAIN SIZED METEOROIDS ARE 
ENTERING THE ATMOSPHERE CONSTANTLY, 

• essentially every few seconds 

• in any given region of the atmosphere

• thus ionization trails can be found in the upper 
atmosphere more or less continuously



Most meteoroids burn up when they enter the 
atmosphere.

Meteor dust particles can persist in the 
atmosphere for up to several months.

Meteors can shed heavier, more exotic elements 
such as magnesium, silicon and iron into an 
atmosphere. 



Such elements may impact the 
circulation/winds.

These shedded particles might affect 
climate, both by scattering electromagnetic 
radiation and by catalyzing chemical 
reactions in the upper atmosphere.



The turbulent ionized wake of a meteor 
interacts with Earth's magnetic field.

- may generate pulses of radio waves 

- as the trail dissipates, megawatts of 
electromagnetic power could be released 

- with a peak in the power spectrum at audio 
frequencies.



Meteoroids or their fragments may achieve dark flight 
after deceleration to terminal velocity.
- Dark flight starts when they decelerate to about 

2–4 km/s

Sound generated by a meteor in the upper atmosphere, 
such as a sonic boom, typically arrives many seconds 
after the visual light from a meteor disappears.





LARGE METEORITE 

from Willamette, OR



Atmospheric drag would have a negligible effect on a 
meteoroid with a mass of more than 100,000 tons, or 
90 million kilograms.
- 10 tons:   40 km/s à 2.6 km/s with considerable 

mass lost

About 0.5 - 5 km-atm of atmospheric column is 
needed above the surface to stop the majority of 
meteoroids; 
- or a surface pressure of 0.05 – 0.8 mbar for an 

Earth-like atmosphere.



Meteoroids and Exoplanets:

The atmospheric column needed to protect an 
exoplanet would be different from the Earth if 
the planet is located at a different depth in the 
star’s gravitational potential well. 

In general, the impacts will be more energetic 
for a body deeper in the well. Thus a thicker 
atmosphere would be needed closer to the star.


