
Wednesday, Nov. 26

Syllabus, class notes, and homeworks are at:
www.as.utexas.edu  courses  AST 301, Lacy

Reading for this week: chapter 17

We won’t have a help session this week.

Today: the greenhouse effect



Topics for this week

How can we use the concept of thermal equilibrium to
calculate the temperature of the surface of a rock orbiting
the Sun?

How does the result depend on the distance of the rock from
the Sun?

How does the Earth’s atmosphere affect the surface
temperature of the Earth?

Why do Venus and Mars have such different surface
temperatures?

How are we changing the Earth’s atmosphere, and how do
we think this will affect the surface temperature?



ABCD Quiz

The temperature of the surface of a planet is determined by
an equilibrium between heating and cooling.

For the Earth, the heating of the surface is dominated by:
A.  radioactive decay of Uranium inside of the Earth
B.  absorption of visible light from the Sun
C.  absorption of ultraviolet light from the Sun
D.  infrared (blackbody) radiation



ABCD Quiz

The cooling of the surface of the Earth is dominated by:
A.  emission of infrared radiation
B.  reflection of sunlight by the surface
C.  evaporation of water
D.  conduction of heat into the air
(During the day, heat is conducted into the air, but at night

the heat flows from the air into the ground.)



ABCD Quiz

The greenhouse effect causes an increase in the
temperature of the surface of the Earth by:

A.  preventing the radiation of infrared radiation by the
ground

B.  preventing the infrared radiation from the ground from
getting out to space

C.  preventing convection from removing heat from the
ground

D.  heating the atmosphere so it can emit infrared radiation
which adds to the heating of the ground

I would accept answer B on a test, although D is better.
C is important in real greenhouses.



Calculating the rock’s temperature

To calculate the temperature of the rock orbiting the Sun,
we need to write down the formulas for the energy going
into the rock and the energy going out each second.

Power going in is the flux of sunlight multiplied by the area
of the side of the rock facing the Sun.
Pin = Fsunlight x Aface x fraction absorbed

Power going out depends on the temperature of the rock
and its total surface area.
Pout = σ T4 x Asurface

In equilibrium, the temperature is such that Pout = Pin.



Include only sunlight absorbed

Only the sunlight absorbed (not reflected) by the planet
contributes to its heating.

Recalculating the temperatures including only the absorbed
sunlight we get lower temperatures:

Planet black rock recalculated actual surface T
Mercury 450 K 440 K 100-700 K
Venus 330 K 230 K 700 K
Earth 280 K 250 K 290 K
Mars 227 K 217 K 220 K
Jupiter 123 K 103 K 130 K



The greenhouse effect

By blocking some of the outgoing infrared radiation and
returning it to the Earth, molecules in the Earth’s
atmosphere force the temperature of the surface of the
Earth to rise until the outgoing flow of energy matches
the incoming flow.

This is the greenhouse effect.
Because of the greenhouse effect, the surface of the Earth

is warm enough for us to live here.

Only about on half of the radiation emitted by the surface of
the Earth escapes to carry heat away from the Earth.

As a result, the average temperature of the surface of the
Earth is warm enough for life.



Greenhouse gasses and Goldilocks

The molecules in the Earth’s atmosphere which absorb the
most infrared radiation are:
water vapor (H2O)
carbon dioxide (CO2)
methane (CH4)
nitrous oxide (N2O)
ozone (O3)

Both Venus and Mars have atmospheres rich in CO2, but
Venus’ atmosphere is about 100 times denser than ours,
whereas Mars’ atmosphere is about 100 times thinner.

Including the greenhouse effect we can explain why Venus
is so hot and Mars so cold.



Differences between our atmospheres

Why do Venus, Earth, and Mars have such different
atmospheres?

Our atmosphere probably once was rich in CO2, but when
CO2 is dissolved in water it can react with metal ions to
form limestone.  Plankton and shellfish make this
happen faster.  Also, plants  make cellulose from CO2,
releasing O2.

Venus has always been too hot for water to be liquid, so it
had no way to remove the CO2 from its atmosphere.  So
it has a very strong greenhouse effect.

Mars probably once had oceans or lakes where limestone
could form.  It is also cold enough at its poles for CO2 to
freeze.  And almost all of its water is frozen.  So it has a
very weak greenhouse effect.



Climate Change

If you’ve heard about the greenhouse effect, you’ve
probably heard about how it is changing our climate.

Although the greenhouse effect is desirable, and maybe
necessary for life to exist on Earth, most life forms are
slow to adapt to changes in the temperature.

A rapid change in the greenhouse effect can be harmful.

What are we doing that changes the greenhouse effect?



Changing the atmosphere

We are increasing the CO2, CH4, and O3 in our atmosphere.





Will the temperature rise?

The direct effect of the CO2 and other gasses we are
putting into the atmosphere on the temperature of the
surface of the Earth is relatively small.

If nothing else changed the temperature would rise less
than 1o C in the next century.

But other things will change.
An increase in the temperature of the oceans will cause

increased evaporation, increasing the amount of water
vapor in the atmosphere.

This will magnify the effect.
But it will also get cloudier.
This will decrease the heating.











Who will be affected?



All politics is local













Should we wait and see?

Since we aren’t sure whether the temperature rise will be a
problem, should we wait until we know before changing
our production of greenhouse gasses?



Should we wait and see?

Since we aren’t sure whether the temperature rise will be a
problem, should we wait until we know before changing
our production of greenhouse gasses?

The problem is that the temperature will continue to rise
long after we stop producing CO2.

The longer we wait to decide the greater the likely effects.





Is there a technological fix?

I hope so, because even if we cut our CO2 production by a
factor of 3, the temperature will keep rising, just more
slowly.

Hydrogen fuel (and maybe ethanol) won’t help.  It takes as
much energy to make as it provides.

Coal is even worse than oil.
Nuclear power is expensive and dangerous, and we don’t

know how to get rid of the wastes.
It will be very difficult to get enough solar power and wind

power to provide our current usage of electricity.
One promising idea is to pump CO2 from power plants into

the ground.  But we don’t know if it will stay there and
what effects it might have.  I wish we could make it into
limestone, but I don’t think we can.



Will conservation help?

To stop the temperature rise we must stop all use of fossil
fuels.

But we don’t yet have the technology to replace all fossil
fuels with other energy sources.

I hope we will by the end of this century.
Since the greenhouse gasses we put into the atmosphere

will stay there for over 1000 years, the amount of fossil
fuel we use until technology improves will affect the
temperature for a long time.

If we can limit the amount of fossil fuel we use in this
century we will minimize the effect we have on future
generations.

Can we cut our use of fossil fuels without destroying our
economy?





Could you lower your production of CO2?

To produce as little CO2 as each person in Switzerland
does, we would each have to produce less than 1/3 of
what we do now.

Would you be willing to drive 1/3 as much as you do now?
Or could you buy a car that uses only 1/3 as much gas?
Could you live without air conditioning in the summer?
Could you survive in a house at 60oF in the winter?
Would you be willing to eat only canned and dried food in

the winter instead of eating fruit flown here from Chile?
Does UT need to light up the tower and the intramural field

every night?
At least you can switch to compact fluorescent lights!
Should I fly on an airborne observatory?



The Stratospheric Observatory for Infrared Astronomy

Program making progress!
Aircraft structural modifications

complete
Telescope installed, several

instruments tested on ground
observatories

Completed first flight and ferry flight to
NASA Dryden

Full envelope flight testing (closed
door) has started.

Several subsystems will be installed
spring/summer 08 (Door motor
drive, coated primary mirror)

First science in ’09
SOFIA will be one of the primary

facilities for far-IR and sub-
millimeter astronomy for many
years



Will gasohol help?



Will gasohol help?


