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ESS 9 Quiz #7

Outer Planets and Satellites

You have 20 minutes to complete this quiz.  Good luck.
1. Beginning with Jupiter and working your way outwards, list the outer planets in our solar system. (5 points)

Jupiter   Saturn   Uranus   Neptune   Pluto

Fill in the blanks with the appropriate planet names from above. (2 points each)

The planet with the largest moon:

Jupiter    (Ganymede)

The planet with the largest moon in relation to its own size:

Pluto    (Charon)

This planet has its rotational axis nearly in the ecliptic plane:

Uranus

The planet(s) yet to be explored by spacecraft:

Pluto

2.a) Which of the outer planets have a magnetic field? (2 points)



Jupiter, Saturn, Uranus, Neptune

b) Bodies which generate their own magnetic field must have a conducting region inside them. What is the conducting material inside the outer planets? (2 points)

 

Metallic hydrogen

c) Write a few sentences explaining how we detect oceans in the Galilean satellites (4 points).

The ocean moves through Jupiter’s magnetic field and an electrical current is induced. The electrical currents set up a secondary magnetic field, which can be detected by spacecraft.

d) Which is the only outer planet satellite to generate its own (permanent) magnetic field? (2 points)

 

Ganymede

e) What is the conducting material inside this body? (2 points)

Liquid iron

f) Why does this body’s magnetic field make it more difficult to detect an ocean? (2 points)

The permanent magnetic field makes it more difficult to identify the induced magnetic field associated with an ocean.

3 a) Io is the most volcanically active body in the solar system. Write a few sentences explaining how this activity is caused. (4 points)



Because the distance to Jupiter changes (e>0) over one orbit, the size of the tidal bulge changes and so Io gets “squeezed”. This squeezing (mechanical work) produces heating.

b) If Io’s eccentricity decreased, what would happen to the amount of heating it experiences? (1 point)



It would decrease

c) Why does Io’s eccentricity not decrease over time? (4 points)



Because it is in a Laplace resonance with Europa and Ganymede and so its eccentricity is continuously pumped up by interactions with Europa.

d) What happens to a moon which is orbiting a planet in a retrograde direction? (2 points)



It spirals inwards and eventually crashes.

e) Give one example of this situation. (2 points)



Neptune’s moon Triton.
4 a) There is a critical distance from a planet within which satellites do not survive. What is its name? (2 points)



The Roche limit

b) Write a few sentences explaining how this critical distance originates (4 points).



Tidal forces are stronger on the near-side than the far-side of a planet. Inside the Roche limit, the tidal forces on the inner face of the satellite are so much larger than the forces on the outer face of the satellite that it gets torn apart.

c) How does this effect help to explain the relative locations of Saturn’s rings and moons? (2 points)



Any satellite inside the Roche limit will break up and form ring particles.

d) What causes the large gap (Cassini division) in Saturn’s rings? (2 points)



Resonance with Mimas.
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