
Exercises for AST1100, Formation of the Solar System and
Life in the Universe

1. Gordon MacDonald has estimated that the average flux of interior heat
from the Earth amounts to 5× 10−2 W/m2. Compare this number to the
Solar constant. Calculate the total surface area of the Earth, and find the
corresponding total energy loss.

Except at very low temperatures the internal energy of a solid is given by
the law of Dulong and Petit to be 3kT per lattice atom. Assume that the
mean mass of a lattice atom inside the (partly) solid Earth is 40mp, and
that the mean interior temperature is 3000 K. Estimate the total internal
energy of the Earth. How long can this supply last at the heat-leakage
rate computed above? Give your answer in billions (109) of years.

Assume the same temperature, loss rate and mean lattice atom mass for
Mars. How long would you expect Mars to remain geologically active (i.e.
how long can Mars supply last at this leakage rate)?

2. Much of the radioactivity in the Earth now is concentrated in the lightest
rocks which make up the continents. A cubic meter of granite rock releases
80 J/yr by radioactivity. If granite rock occupies 1/3 of the surface area
of the Earth to a depth of 30 km, show that the present radioctive release
of heat from this source alone is 4.1 × 1020 J/yr. Compare this figure to
the loss rate of internal heat given above.

Assume that the initial radiocativity of the Earth was ten times larger
and was spread uniformly throughout the interior. How much heat would
radioactivity have released in the first 800 million years? By what temper-
ature would this have raised the interior of the Earth assuming the data
given in the exercise above?

3. Set up the Drake equation N = LRp explaining the meaning of the terms
and what factors go into the calculation of the probability for intelligent life
per system p. Explain its general structure and terms and the assumptions
that lie behind the equation. Give your estimates for the various terms
that go into the in the equation. Set up a table which shows the number
of civilizations and average distance between civilizations as a function of
civilization lifetime L and the probability p of finding intelligent life in a
given stellar system. (Hint: R the number of stars formed per year in
the Galaxy is 10/yr. The dimensions of the Milky Way are very roughly
105 × 105 × 2000 ly3.)

4. The Coral Model of Galactic Colonization. Let us find the time it would
take for a civilization to colonize the galaxy. Imagine that a civilization
sends colonists to stars that are an average distance D away and sends
them in spacecraft that travel at speed v. The time required for travel is
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then ttravel = D/v. Now assume that the colonists build up their colony
over a time tcol before they are ready to send out their own set of colonists.

What is the speed vcol that the colonization spreads assuming that you
can account for the fact that the travel is not all in the same direction,
that it will occur by zigzag motion, by the factor k? Assume k = 0.5 and
that the distance between star systems is D = 5 ly.

(a) How fast does the civilization expand if its spacecraft travel at 0.1 c
and each colony need time tcol = 150 yr before sending out the next
wave of colonists? How long would it take for the colonists to expand
a distance of 100 000 ly from their home planet?

(b) Repeat with spacecraft speed 0.0 1c and tcol = 1000 yr.

(c) Repeat with spacecraft speed 0.25 c and tcol = 50 yr.

(d) Given the above, formulate the Fermi paradox and give some possible
solutions to the paradox.
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