
Astronomy 3 -Solution Set 81. Des
ribe the lo
ation of the equinoxes and solsti
e in the Uranian Sky. What are theseasons like on Uranus?At the summer equinox, the sun will be near the 
elestial pole of Uranus. As the Uranian yearprogresses, the sun will 
ir
le around the 
elestial pole and move further and further away, until itapproa
hes the 
elestial equator in the Uranian Fall. This is the equinox. The sun will soon dropbelow the horizon for the duration of the winter. When the sun sets, you will be in 
ontinuous nightfor the next de
ade or two until the planet �nally approa
hes Spring and the sun 
omes ba
k to the
elestial equator.2. Given the size of Triton's orbit (R = 355,000 km) and its orbital period (P = 5.877 days),
al
ulate the mass of Neptune.From the formula P 2 = a3=GM (1)we �nd M = a3=GP 2: (2)Using the above equation with G = 6:68� 10�8 in 
gs unit, we 
an dedu
e Neptune's mass to be 1029gm. We 
an also s
ale it with that of the Earth using the Moon's period and distan
e. It turns out tobe 17 times that of the Earth.3. How 
an Titan keep an atmosphere when it is smaller than airless Ganymede?Titan orbits around Saturn whi
h is twi
e as far from the Sun as Ganymede's planet Jupiter. Thetemperature and thermal speed at the surfa
e of Titan is smaller than that on Ganymede. Thisdi�eren
e is suÆ
ient to have the thermal speed ex
eeds the es
ape speed on Ganymede so that itsatmosphere would be lost. In 
ontrast, the thermal speed is less than the es
ape speed on Titan sothat its atmosphere is retained.4. If you piloted a spa
e
raft to visit Saturn's moons and wanted to land on a geologi
allyold surfa
e, what features would you look for? What features would you avoid?Old surfa
es are heavily s
arred by 
raters. Young surfa
es are smooth and have little s
aring.5. A relatively small impa
t 
rater 20 km in diameter 
ould be made by a 
omet 2km indiameter traveling at 30 km/s. Assume that the 
omet has a total mass of 4.2 billiontones (4.2 �1012 kg). What is its total kineti
 energy? (Hint 
he
k 
hapter 4 of thebook). If one megaton of TNT releases 4.2 million billion (4.2 �1015 joule), how manymegaton does the energy released by the 
omet 
orrespond to? How often do impa
t ofthis magnitude o

ur on the Earth?Kineti
 energy of a 
omet is given byE = (1=2)Mv2 = (1=2)�(4:2�1012kg)�(3�104)meter=s)2 = 1:9�1021joule = 0:45�106Megaton: (3)Impa
t of this magnitude o

ur on the Earth on
e per million years.6. If 
omets are i
y planetesimals left over from the formation of the solar system, whyhaven't they all vaporized by now?Comets most reside in the outer regions of the solar system well beyond the orbits of the giant planets.At these far rea
hes of the solar system, the intensity of solar radiation is weak and the equilibriumtemperature on the surfa
e of the 
omets is too low to lead to the vaporization of their 
onstituentmaterial. Comets are s
attered into the inner parts of the solar system by distant en
ounters. On
ethey enter the inner part of the solar system, they 
an only survive a few orbits. Thus, most of the
omets we see are the reli
 of i
y planetesimals whi
h have not yet been vaporized.1



7. What is the di�eren
e between the lo
ation where most asteroids are lo
ated and thatwhere 
omets originated from? What is the 
ompositional di�eren
e between 
omets andasteroids?
Asteroids are mostly lo
ated between the orbit of Mars and Jupiter at 2-4 AU. Comets originate fromregion well beyond the orbit of Neptune (> 25 AU). Asteroids are mostly made of sili
ates and ironwhereas 
omets are mostly 
omposed of i
e.

8. What eviden
e do we have that some meteorites have originated inside large bodies?
A vast majority of meteorites from the asteroid region are 
omposed of 
hondrules with abundan
edistribution similar to that of the Sun. They also 
ontain Cal
ium Aluminum In
lusions (CAI's) whi
hare the de
ayed daughter nu
lei of on
e radioa
tive isotopes of Aluminum 26. Radiometri
 datingsuggest that these are the most primitive ro
ky material in the solar system. However, � 0% of allmeteorites are 
omposed purely of iron while some others are mostly 
omposed Sili
ates. These typesof meteorites were on
e in mu
h larger bodies. The heat released from the �ssion de
ay of radioa
tiveisotopes is trapped in the bodies larger than a few km. As their internal temperature rises, the parentbodies of the iron and stone meteorites be
ome molten. The melted iron elements sink to the 
enterof these obje
ts while the lighter density ro
ky material surfa
e to the top. Subsequent bombardmentby other residual planetesimals break up these di�erentiated parent bodies. The broken pie
es fromthe outer regions of these parent bodies be
ome the stone meteorites whereas those sunk to the 
entralregions emerge as iron meteorites.
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