
Astronomy 3 -Solution Set 51. Des
ribe three distin
tive regions in the earth interior. How do we get detailed informa-tion on the interior of the Earth?The earth interior is 
omposed of a high-density metal 
ore in the 
enter whi
h is surrounded by amedium density mantle, and a low-density ro
ky 
rust. We probe the interior of the earth with seismi
waves ex
ited by earth quakes. The pre
ise speed and dire
tions of all seismi
 waves depend on the
omposition, density, pressure, temperature, and phase of the material they pass through. Carefulanalysis of seismi
 waves therefore o�ers a very detailed pi
ture of the earth's interior.2. During the 1989 Loma Pieta earth quake, AY3 students sensed an side-way shake 3se
onds before a mu
h larger amplitude rolling motion. Based on the information that Pand S waves travel at 10 and 5 km/s, determine the distan
e of the epi
enter from SantaCruz.The side-way shake is due to the passage of the P wave whereas the rolling motion is due to the passageof the S wave. Suppose the distan
e betweeb the epi
enter and Santa Cruz is D.The time needed for the P wave to travel from the epi
enter to Santa Cruz is t (P wave) = D / (10km/s)The time needed for the S wave to travel from the epi
enter to Santa Cruz is t (S wave) = D / ( 5km/s)The di�eren
e between the arrival of these two waves is t (S wave) - t (P wave) = 3 se
ond.Using these three equations for substitutions, D / ( 5 km/s) - D / (10 km/s) = 3 se
ond.The solution of this equation is D = 3 se
ond / (1 / ( 5 km/s) - 1 / (10 km/s)) =30 km.The distan
e between the epi
enter and Santa Cruz is 30 km.3. What are the three possible sour
es of heat whi
h led to the molten interior of the Earth?The earth interior is heated by a

retion of planetesimals. During the infall of the planetesimals, grav-itational potential energy is 
onverted into kineti
 energy whi
h eventually turn into heat energy whenthe planetesimals hit the earth surfa
e. The earth is also heated as a 
onsequen
e of the di�erentiationpro
ess. In the interior of the earth, light materials rise to the surfa
e while the dense materials fall tothe 
ore. Gravitational energy is 
onverted into thermal energy. The third avenue for heat generationis through radioa
tive de
ay. During the de
ay of radioa
tive isotopes, the mass-energy 
ontained innu
lei is 
onverted into thermal energy.4. Suppose Mars turn out to have a mass and size 
omparable to the Moon. How wouldthese 
hara
teristi
s a�e
t the number of geologi
al features due to ea
h of the four majorgeologi
al pro
esses? Would Mars still be a good 
andidate for harboring extraterrestriallife?The mass and size of the moon are smaller than those of Mars. Sin
e neither Mars nor the moonhas suÆ
ient gravity to enhan
e the 
ollisional frequen
y between residual planetesimals and them, weexpe
ted impa
t 
rater per unit area to remain un
hanged.With a smaller size, the hypotheti
al Mars would 
ool o� faster than the real Mars. Consequently,the interior of the hypotheti
al Mars would solidify, te
toni
 and vol
anism would 
ease at an earlierepo
h. With a smaller surfa
e gravity, the hypotheti
al Mars may also lose its atmosphere at a mu
hfaster pa
e. In the limit of mu
h weaker te
toni
, vol
anism, and erosion pro
esses, older features onthe surfa
e is better preserved and age of the hypotheti
al Mars' surfa
e is expe
ted to be older. Sin
eplanetesimal bombardment rate de
reased with time, the surfa
e of the hypotheti
al Mars would bes
ared by more densely populated impa
t 
raters.Sin
e life needs the presen
e of liquid water, whi
h requires a substantial atmosphere pressure on Mars,the environment on the hypotheti
al Mars is more hostile to the emergen
e and proliferation of life.1



5. In a re
ent investigation to determine the age of Mars' southern hemisphere, the age ofthe Martian 
rust there was determined with radiometri
 dating of the surfa
e ro
ks. This�nding turned out to di�er from the age of this region estimated from the 
omparisonbetween its 
rater density with that of the Moon. Whi
h te
hnique seems to be morereliable? Whi
h te
hnique is more pra
ti
al? Explain.The radiometri
 dating is more reliable but the 
rater 
ounting is more pra
ti
al. The density of 
ratersis not only determined by the rate of the planetesimal bombardment, but also their preservation. Thebombardment rate of planetesimals depends depends on their number density at any give time andlo
ation. Although the average rate of bombardment is well estimated, the a
tual impa
t rate may
u
tuate. In addition, the strength of the bombardment is determined by both the planetesimalssize distribution and their impa
t speed. Both 
an vary. The impa
t 
raters may also be resurfa
e byvol
anism, te
toni
s, and erosion. Variations in the o

urren
e rates of these pro
esses 
an signi�
antlyvary throughout the evolution of the planet. Thus, the age estimates based on the 
rater density onthe surfa
e is subje
t to a large degree of un
ertainties. These pro
esses generally do not signi�
antlymodify the radioa
tive de
ay of isotopes, so that the radiometri
 method is a more reliable approa
h.But the radiometri
 method requires sample return whi
h is te
hni
ally 
hallenging.6. With its peak towering over 26 kilometers and base 
overing over 600 kilometers, OlympusMons is the largest shield vol
ano in the solar system. Why is it not possible for su
h ahigh vol
ani
 mountain to stand on the Earth?The height and extent of the highest mountain on any planet is limited by the material strength of itslithosphere (
rust) against the poll of its gravity. The Earth has a larger mass and density than Mars.Consequently, the gravity on the Earth surfa
e is stronger than that on Mars. The mountain 
an besupported on the Earth is smaller than that on Mars. On a planet whi
h is smaller than Mars, theinternal heat is 
ooled o� qui
kly and the vol
anism is less a
tive to produ
e large vol
anos.7. There are many eviden
es whi
h suggest water on
e 
ow on the surfa
e of the Mars.What does this �nding imply in the an
ient atmosphere of Mars? Where did most of thiswater go? How does loss of water relate to the red 
olor of the Martian surfa
e?The eroded lands
ape on Mars suggest that liquid water on
e 
ow on the surfa
e of Mars. Water
an only attain a liquid phase under pressure 
omparable to that of the Earth atmosphere. S
ientistsinfer that the atmosphere of Mars was on
e mu
h denser and warmer than it is today. Mars has avery weak magneti
 �eld, probably be
ause its interior 
ooled o� very early. Unlike the Earth, thereis no biologi
al a
tivities to provide a sour
e of free oxygen and ozone in the atmosphere of Mars.Without a magnetosphere to trap energeti
 parti
les from the solar wind and an ozone layer to blo
kSun's UV radiation, the water mole
ules in the Martian atmosphere are vulnerable to ionization. Afterionization, the light hydrogen mole
ules es
ape the pull of Mars' gravity. The remaining oxygen atoms
ombine with other heavy elements through oxidation pro
esses. The most abundant 
ompounds areoxidized iron whi
h leads to the reddish appearan
e of Martian surfa
e.8. The temperature of a planet's surfa
e exposed to the Sun is proportional to the squareroot of its distan
e D from the Sun. The semi major axis of Mer
ury and Saturn are 0.4and 10 AU respe
tively. If the day-time temperature and the asso
iated thermal velo
ityon Mer
ury at this distan
e are 500 K and 5 km/s respe
tively, what are their valueson Saturn? What about their values on the day side of Saturn's moon Titan? AlthoughMer
ury has a larger mass and smaller radius than Titan, Mer
ury does not have anysigni�
ant atmosphere whereas the atmosphere on Titan has 
omparable pressure anddensity to those of the Earth atmosphere. Can you suggest why this may be the 
ase?Be
ause Saturn is 25 times further from the Sun than Mer
ury, the temperature at its distan
e fromthe Sun is 5 times lower (as a square root of the distan
e). The average thermal speed is proportionalto the square root of the temperature. Thus, the average thermal speed at Saturn's distan
e is 2.2times slower than near Mer
ury. Be
ause the thermal speed of mole
ules near its surfa
e is larger thanes
ape speed of Mer
ury, it has lost all of its atmosphere. In 
ontrast, the thermal speed of mole
ules2



is smaller than that of the Titan (despite its slightly smaller mass and larger radius than Mer
ury), sothat Titan has been able to retain its atmosphere.
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