
Astronomy 3 -Solution Set 61. The atmosphere of the Earth has loss of most of its hydrogen 
ontent through thermales
ape. How did it avoid losing its nitrogen and oxygen 
ontent?The average thermal speed of the mole
ules is proportional to the square root of the ratio of temperatureand mass of the atoms. Although hydrogen, nitrogen, and oxygen attain the same temperature in theEarth atmosphere, the thermal speed of the latter spe
ies are mu
h slower than that of hydrogen.Hydrogen mole
ules are lost be
ause their thermal speed ex
eeds that of the es
ape velo
ity of theEarth. Nitrogen and Oxygen mole
ules are retained be
ause their thermal speeds are smaller than thees
ape speed of the Earth.2. The Earth and the moon is at the same distan
e from the Sun. Why is the Earth able toretain its atmosphere whereas the Moon did not?The moon has a smaller mass and density. Consequently, the es
ape speed of the Moon is nearly5 times smaller than that of the Earth. Sin
e they are at the same distan
e from the Sun, theequilibrium temperature and the average thermal speed on their surfa
e are nearly the same. Underthese 
ir
umstan
es, atmospheri
 mole
ules es
ape from the Moon mu
h more easily than from theEarth.3. We observe the size of Martian north polar 
ap of 
hanges periodi
ally over the times
ale 2 years. What pro
ess 
auses these 
hanges? What happens to the southern polar
ap? How is the planet-wide dust storm related to these 
hanges?The Martian polar 
ap is mostly 
omposed of frozen 
arbon dioxide. Sin
e Mars' spin axis is tilted by a
omparable amount as the Earth, there are seasons on Mars, similar to that on the Earth. During thewinter in the northern hemisphere on Mars, the temperature drops below the frozen point for 
arbondioxide. The 
ondensation of dry i
e 
auses the polar 
ap to expand and the atmospheri
 pressure todrop. Con
urrently, the polar 
ap de
reases and atmospheri
 pressure in
reases due to the evaporationof dry i
e on the southern hemisphere. These events introdu
es a gradient in the pressure and air 
owsfrom the southern to northern hemisphere. Similar events o

ur in the reverse dire
tion during thewinder of southern hemisphere half an orbital period (1 year) later.4. Brie
y des
ribe what is the Greenhouse e�e
t. Why is it more severe on Venus than itis on Earth? Des
ribe one supporting eviden
e that it is on the rise on Earth.The greenhouse e�e
t is the pro
ess by whi
h gas (mainly CO2, methane, and water) in an atmospheremakes a planet's surfa
e temperature warmer than it would be in the absen
e of the atmosphere.Sunlight 
onsists mostly of visible light whi
h passes easily through most atmospheri
 gas to rea
ha planet's surfa
e. Some visible light is absorbed and re-emitted in the infrared wavelength. Thegreenhouse gas absorb and trap some of the infrared photons and be
ome heated. Venus has a massiveatmosphere with a high 
on
entration of CO2. The 
omposition of Venus atmosphere make it mu
hmore e�e
tive in trapping the infrared photons and promote greenhouse e�e
ts than the Earth. Aneviden
e whi
h indi
ates the greenhouse e�e
t is on the rise is the atmospheri
 
ontent of a majorgreenhouse gas, CO2 whi
h has been steadily in
reasing in the past few de
ades. Examples of a dire
timpa
t are asso
iated the phenomenon of global warming, eg the melting of the i
e sheets and retreatof the gla
iers.5. Why do hurri
anes always 
ir
ulate in one dire
tion in the northern hemisphere and inthe opposite dire
tion in the southern hemisphere? If ea
h day is shortened to 12 hours,what will happen to the 
ir
ulation pattern?The �rst major fa
tor a�e
ting global wind is atmospheri
 heating. In general, the equatorial regions ofa planet re
eive more hear from the Sun than do polar regions. The ex
ess heat makes the atmosphereexpand above the equator so that it rises upward and moves toward the poles. Near the poles, 
ool airdes
ends and 
ows toward the equator, leading to 
ir
ulation 
ells. The se
ond major fa
tor a�e
tingglobal wind patterns is a planet's rotation, whi
h 
an split ea
h 
ir
ulation 
ells into several smallerones through the Coriolis e�e
t. The dire
tion of the de
e
tion is perpendi
ular to both the spin and1



dire
tion of the wind 
ow. In the northern hemisphere, an equator to pole 
ow would be de
e
ted tothe left whereas an pole-ti equator 
ow would be de
e
ted to the right. In the southern hemisphere,the dire
tion of the de
e
tion is exa
tly opposite. When this 
ir
ulation intensi�es into a storm, ahurri
ane is formed. The spin of the hurri
anes preserves the dire
tion of the 
ir
ulation and that iswhy they rotate in the opposite sense in the northern and southern hemisphere. A rapidly spinningplanet experien
e a stronger the Coriolis for
e and the 
ir
ulation 
ells be
ome more narrow, 
on�ned,and numerous. If the earth is shorten to 12 hours, we would have several more 
ir
ulation 
ells thantoday and the hurri
anes may also be
ome more intense.6. Cite two pie
es of eviden
es whi
h suggest that Mars on
e had a mu
h more liquid wateron its surfa
e than today. Where did the water go? How is this pro
ess linked to the red
olor of Mars? How did the Earth avoid this loss of water?We see eviden
e of erosion by rainfall, and perhaps, even lakes and o
eans some 3 Gyr ago. We also seeGyr old 
oodplains. The Mars Path�nder spa
e
raft landed at a site that may have witnessed one ofthe biggest 
oods in the history of the solar system. On the surfa
e, the path�nder released a Sojounerrover whi
h 
arried 
ameras and instruments to measure the 
hemi
al 
omposition of nearby ro
ks.Ro
ks of many di�erent types are jumbled together and sta
ked against ea
h other, as as we �nd inthe aftermath of a 
ood on earth. Today the surfa
e temperature of Mars is too 
old and pressureis too low for liquid water to exist. Mu
h of it may be frozen beneath the surfa
e. The presen
e ofwater, on
e on Mars, indi
ate that the planet must have had a substantial atmosphere at one pointbe
ause liquid water 
an only exist in atmospheres with modest pressure and density. Being a smallplanet, the interior of Mars has 
ooled down and there is little mantle motion to generate magneti
�elds on it. The atmospheri
 mole
ules on Mars are not shields from the energeti
 parti
les from thesolar wind and ultraviolet radiation. These photons and parti
les 
an easily break apart the watermole
ules. As the lightest element, the hydrogen atoms attain large re
oil speed and are kno
k outof the Martian atmosphere. The remaining oxygen 
ombined together with iron and other elementsthrough an oxidation pro
ess. The red 
olor on the surfa
e of Mars is a re
e
tion of this ongoingoxidation pro
ess. The Earth has a mu
h larger mass than Mars. It still has a molten interior whi
h
an generate magneti
 �elds. This magneti
 �eld provides a shield for the earth against the energeti
parti
les from the solar wind. Biologi
al a
tivities also lead to the produ
tion of ozone whi
h helps toabsorb the Sun's ultraviolet radiation. Consequently, the water mole
ules are rarely broken apart bythe solar wind and radiation. In addition, gravity on the surfa
e of the Earth is stronger than that onthe surfa
e of Mars. It is also more diÆ
ult for the earth atmosphere to be eje
ted.
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