Astro 2
Quiz 3 Math Extra Problems
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1. What happens to the escape velocity from the surface of a planet if you:
a. Increase the mass of the planet by a factor of 9 but keep the radius constant?
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b. Decrease the mass of the planet to 1/16 of the original mass but keep the radius
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c. Increase the radius by a factor of 25 but keep the mass of the planet the same?
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d. Keep the mass of the planet the same but shrink the radius to 1/81 of its original

size? \'Q.Sc,oﬁg—& . \Jesc i dg\\\.’ac\f{- &gg%) Re= %\ \
Vese & o [, = (5= 10 (g =4 Vescls
N2
Vese WNeeeoSes oy 0 Facioe 0F A

e. Increase the mass of the planet by a factor of 2 and increase the radius by a
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f. Increase the mass of the object that is trying to escape by a factor of 6, but keep
everything else the same?
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2. The escape velocity from the surface of Jupiter is 60,000 m/s. If the mass of Jupiter was
quadrupled and its radiﬁ shrinks to 1/16 of its original size, what would the new escape
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3. If you start from the orbit of the Earth, you have to go 42,000 m/s to escape the Sun’s
gravity. How fast do you have to do if you start at the orbit of Saturn, which is 9 times

farther away from the Sun than Earth is? \J(/S C A F F_ ‘ :
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4. Derive the formula for the Schwarzschild Radius, starting from the formula for escape
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5. How does the Schwarzschild Radius change if you:
a. Increase the mass of your black hole by a factor of 3?
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b. Decrease the mass of the black hole to 's of the original mass?
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6. The Schwarzschild Radlus of a 5SM_, black hole is 15,000 m. As the black hole sucks in
mass, the Schwarzschild Radius increases. By the time the Schwarzchild radius is
45,000 m, how much mass has the black hole eaten? Give your answer in units of M.
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