
Astronomy 3 -Solution Set 91. Based on the information given in Figure 12.25, 
an you estimate the probability of anyindividual person being killed by a mass extin
tion event in his/her life time. How doesthat probability 
ompare withe probability of a fatal airline a

ident ?
he
k the book2. how are 
ontinents built up? des
ribe a few of the pro
esses that have shaped NorthAmeri
a.The initial buildup of the 
ontinent pro
eeded through a di�erentiation pro
ess in the earth interiorwhere the molten high-density iron sunk to the 
ore and less dense sili
ates surfa
ed to the top. Asthe planet 
ools, the molten mantle of the earth 
ontinues to undergo 
onve
tion whi
h pushes aroundthe plates on the surfa
e. In regions above the rising plume, mid o
ean ridge form. In regions where
ontinents 
ollide, high mountains and deep trends form. In the plate boundaries, there are also 
hainsof vol
anos. Along the 
oast of California where the North Ameri
an plate slides pass the Pa
i�
plates, there are long fault lines near whi
h earth quakes o

ur frequently. In the north end of thisboundary, there is a 
hain of vol
anos in Oregon and Washington States.3. If life is based on information, what is that information?Living organisms are self-repli
ating, and the information about how to build a living organism fromraw materials is passed down from generation to generation as DNA.4. What is the di�eren
e between 
hemi
al evolution and biologi
al evolution?Chemi
al evolution is what happens when you mix a bun
h of di�erent 
hemi
als together. They mayrea
t with one another, but there is no self repli
ation involved. This means that there is no way to\generate 
omplexity," so to speak.Biologi
al evolution, on the other hand, does involve self repli
ation. This means that a 
ompli
atedmole
ule or system of mole
ules is able to make an exa
t (or almost exa
t) 
opy of itself. If a variantof the system is able to reprodu
e itself more eÆ
iently, then it's \
hildren" will share the same trait.What this means is that as soon as life is able to get a \toe-hold" in the world, biologi
al evolution is ableto make life forms in
reasingly 
omplex almost without limit (eg. human beings). This is impossiblewith 
hemi
al evolution. If you mixed together 180 pounds of 
arbon, hydrogen, and oxygen, thismaterial would never, ever spontaneously assemble itself into a human being, no matter how long youwait. However, biologi
al evolution is able to produ
e human beings.5. Based on the information given in Figure 9.45, ie South Ameri
an and Afri
an 
ontinentsstarted to drift apart 120 million years ago, 
an you estimate the speed at whi
h they areseparating. How does it 
ompare with the 
rawling speed of a banana slug?The 
urrent separation between these two 
ontinents are about 3000 miles. If it takes 120 Millionyears to get to their 
urrent relative positions, the speed of their separation would be � 3000 miles/120million years whi
h is � 3
m=s. A banana slug 
rawls over 1 meter per minute whi
h 
orresponds toa speed � 1:6
m=s. Thus, the spreading of the 
ontinents o

urs on a 
omparable speed as the sluggoes. 1



6. As the Sun gradually brightens in the future, how 
an the CO2 
y
le respond to redu
ethe warming e�e
t? Whi
h parts of the 
y
le will be a�e
ted? Is this an example of apositive or negative feedba
k?With a small and gradual in
rease in the brightness of the Sun, the surfa
e temperature of the Earthwould in
rease. This trend may lead to greater evaporation of the Earth o
ean. The moist andwarm atmosphere may provide more favorable 
ondition for the proliferation of green plants whi
halso enhan
es the 
onversion of CO2 to oxygen through the photo synthesis. The elevated water vaporalso leads to more frequent rain and more eÆ
ient 
arbon dioxide removal from the atmosphere. Thedepletion of CO2 in the atmosphere redu
es the extent of the green house e�e
t whi
h o�-balan
ethe in
reased solar irradiation. This negative feedba
k a
ts as a thermometer whi
h regulates theatmospheri
 temperature. However, a sudden and large in
rease in the Sun's luminosity 
an alsolead to a runaway green house e�e
t in whi
h the hot deserts may alter the 
ir
ulation pattern ofthe atmosphere and redu
e the lush forests. An in
rease in the industrial usage of air 
onditioningequipments may in
rease CO2 emission and strengthen the greenhouse e�e
t. This positive feedba
kpro
ess may qui
kly transform the earth atmosphere into that 
omparable to the Venus. In order toavoid this fate, we must be 
onservative in our energy and environmental poli
ies.7. why does the energy produ
ed by fusion in the solar 
ore take so long to rea
h the solarsurfa
e? Des
ribe the pro
esses of radiative di�usion and 
onve
tion in the solar interior.The photons released by fusion is in the gamma ray wavelength range. These photons are qui
klys
attered by the hot ele
trons and absorbed by the highly ionized iron nu
lei. The ex
ited atomsre-emit photons with lower energy and in random dire
tions whi
h are again absorbed. These re-pro
essing pro
esses o

ur repeatedly as the photons di�uses heat outwards. The time s
ale for energyto travel a net distan
e of the Sun's radius is several million years. The interior of the Sun is dividedinto two regions. In the radiative region, the heat is transfered primarily through the absorption andre-emission of the photons. In the outer envelope of the Sun, this pro
ess is not suÆ
iently e�e
tivethat the gas be
omes 
onve
tive. In the 
onve
tive zone, heat is transported me
hani
ally by the eddieswhi
h 
ir
ulates between the Sun's surfa
e and hot interior.8. Use the fa
t that ea
h 
y
le of the proton-proton 
hain 
onverts 4:7�10�29 kg of mass intoenergy, along with the fa
t that the Sun loses a total of about 4:2� 109 kg of mass ea
hse
ond, 
al
ulate the total number of times the proton-proton 
hain o

urs ea
h se
ondin the Sun. Compare quantitatively the amount of mass loss during the entire life of theSun with its present total mass.The number of rea
tion o

urs per se
ond is the total rate of mass loss due to the nu
lear rea
tiondivided by the amount of mass 
onverted from mass into energy for ea
h rea
tion su
h that it be
omes4:2� 109kg=s=4:7� 10�29kg ' 0:9� 1038 rea
tions per se
ond. The total mass of the Sun is 2� 1033gm. The life span of the Sun is 4:6� 109 yr = 1:38� 1017 s. The total 
onversion of mass during thelife span of the Sun is 4:2� 109gm=s� 1:38� 1017s = 5:8� 1026 gm whi
h is 2:9� 10�7 the mass ofthe Sun. 2



9. The star 51 Pegasi has about the same mass as out Sun. A planet dis
overed around ithas an orbital period of 4.23 days. The mass of the planet is estimated to be 0.6 timesthe mass of Jupiter. Use Kepler's third law to �nd the planet's average distan
e fromthe star. What is the orbital speed of this planet? What is the speed of 51 Pegasi's re
exmotion?
A

ording to Kepler's third law, P 2 = a3=GM� (1)where M� is the mass of the star. Sin
e M� is the same as that of the Sun, it is useful to s
ale, withthe Earth, in the determination of the distan
e (in terms of an AU) from the planet's period. In thisapproa
h, a = � 4:23days365:24days�2=3AU ' 0:05AU: (2)The orbital speed of this planet 
an also be s
aled with the speed of the Earth's orbit whi
h is 30 km/ssu
h that Vp = �1AUa �1=2 30km=s = 136km=s: (3)The speed V� asso
iated with the re
ex motion of its host star is the planet's Vp times the mass ratiobetween the planet (� 0:6MJ) and its host star (ie the mass of the Sun whi
h is � 103MJ) su
h thatVp(0:6MJ=103MJ) ' 81:6m/s.

10. Based on the Drake equation on p735 of the textbook, estimate the number of 
ommu-ni
ative 
ivilizations per galaxy from your own estimates of the fa
tors.
The answer to this depends on how optimisti
 or pessimisti
 you are in 
hoosing the fra
tion of planetsthat develop life, et
.
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