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ESS 9 Homework #7

Questions on the asteroid belt and Jupiter.

1. Define what is distinctive about the following asteroid groups, and something about their size distribution if available: (6 points)

Apollo:  Earth-crossing asteroids.  <1000, with ~300 larger than 1km.

Trojan:  Asteroids found 60o ahead of and behind Jupiter in the same orbit.  ~150 in number.

Amor/Eros:  Asteroids that cross Mars’ orbit, but not Earth’s.  ~10,000, with 1,500 larger than 1km.

Overlay the typical orbits or locations of the above groups on the figure below.  Label each of the three planetary orbits (Jupiter, Earth, Mars) drawn below:













2. a) Give three pieces of evidence that the dinosaurs were wiped out by a large meteorite impact. b) If the meteor was 20km in diameter and impacted at a speed of 20km/second, how much energy was liberated? Assume the meteorite density is 3000 kg/m3. c) How many cubic kilometers of water would this vaporize? It takes 2.3x106 J to vaporize 1kg of water, and water has a density of 1000 kg/m3. (7 points). 

Iridium, shocked quartz, Yucatan impact crater. 2.5x1024 J energy released.1.1x106 cubic kilometers. This is a cube 100km across. Such a large mass of water being vaporized is likely to have severe effects on the climate.

3. In the lecture we talked about the asteroid Ida, which has a small satellite called Dactyl. Here we will use Newton’s laws to investigate the properties of Ida. a) Recall that M = r3 / G T2, where T is the period, G is the gravitational constant (6.67x10-11 Nm2kg-2), M is the mass of the asteroid and r is the distance of the satellite from the asteroid. If the distance of Dactyl to Ida is 90km and it has a  period of 31 hours, what is the mass of Ida? b) If Ida is a sphere of radius 15km, what is its density? c) The density of stony meteorites is about 3000 kg/m3. How might you reconcile this value with your results? (5 points).

3.5x1016 kg. 2500 kg/m3. Either it also has some carbonaceous material in it, or it’s just heavily fractured. 

4. It is often claimed (wrongly) that the asteroids are the remains of a planet which broke apart.  a) Why is it unlikely that a planet ever formed in the asteroid belt? b) What is the present-day mass of all the asteroids put together, expressed as a percentage of the Earth’s mass? c) Do you think this area of the solar system contained more mass initially? If so, what happened to it? (6 points).

a) Jupiter’s gravitational effect ejected the planetesimals before they could form into a planet. b) 0.05%. c) Almost certainly, but most of the mass was either accreted to Jupiter or perturbed out of the area (e.g. towards Venus or Earth). 

5. Before you are two different meteorites—an iron and  a carbonaceous.  Which meteorite is most likely older?  Why?  Did the iron meteorite come from a large parent body or a small one?  How do you know?  (HINT:  Think about how you get large clumps of metal in the solar system). (6 points)

The carbonaceous chondrite is most likely oldest.  Carbonaceous chondrites are formed from the primitive material in the solar nebula, and so were likely formed at the beginning of the solar system  The iron meteorite must have come from a large parent body, because smaller bodies will not differentiate.  Because it is made of iron, that implies it came from the core of a large parent body.

NOTE:  I will also accept the iron meteorite as being oldest, as long as you make a logical argument for it.

6. There are two major cloud layers on Jupiter.  Indicate on the pressure scale below at what pressure level each of them is found at.  Make sure to label each cloud layer.  (NOTE:  I want the pressure level, not height.  Your class notes may not provide the pressure level for all the cloud, but you can find it using an equation found in the notes.  The scale height of Jupiter is 27km.)  Show all your work for full credit. (8 points)



P=Poexp(-z/H)

You are given H=27km, and the water ice clouds are 60-100km higher than the ammonium hydrosulfide clouds.  Let’s approximate and say they’re at 80 km.  Now it’s just plug and chug.

P=1bar x exp(-80/27)


P=0.05 bar, or 50 mb.

7. What is required to create and maintain a magnetic field?  In what parts of the interior are some of these necessary features found, both on Jupiter and on Earth? (6 points)

Electrical conductivity, convection, rotation and internal heat are required to maintain a magnetic field.  On Earth, the core provides all these requirements because it’s metallic iron.  On Jupiter, the metallic hydrogen near the core provides the electrical conductivity necessary.  Jupiter rotates quite rapidly and generates its own internal heat.

8. Jupiter’s atmosphere has a higher H/He ratio than the Sun.  Why do you suppose that is?   (6 points)

On the Sun, fusion over the past 4.6 billion years has converted some of the hydrogen into helium.  Fusion does not occur on Jupiter, so the H/He ratio has remained largely unchanged.
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