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Problems involving gravitation and/or Kepler’s Laws

1. Mars has a mass 0.1075 times the mass of the Earth and a radius 0.53 times that of Earth. If you weigh 150 pounds on Earth, what would you weigh on the surface of Mars? Solve this problem without using numerical values for the mass and radius of the Earth.

2. The distance from the sun to Jupiter is 5.2 A.U. How long does it take Jupiter to orbit the sun? Express your answer in years.
3. Approximate the moon’s motion about the Earth as uniform circular motion. Calculate the magnitude of the centripetal acceleration. What is its direction? The moon’s distance is 384.4 x 103 km and the orbital period is 27.322 days.
Now calculate the magnitude of gravitational acceleration due to the earth at the moon’s distance.  What is its direction? The mass of the Earth is 5.98 x 1024 kg and the gravitational constant is G = 6.67 x 10-11 Nm2/kg2.
Comment on your results. 
4.
Mark lives on an island lying on the Earth’s equator. His gravitational weight is 160 pounds. When he steps on the bathroom scale he is reading his apparent weight. If the Earth spun faster he would appear to weigh less.  How long would the “day” be if his apparent weight was half his gravitational weight? The Earth’s radius is 6378 km.
5.
A Hohmann transfer ellipse is an orbit used to transfer between two circular orbits. It is a least-energy orbit because once the orbit is established, the gravitational force of the sun will govern the motion of the spacecraft and rocket fuel would not be necessary during the bulk of the trip. Consider the Earth to be on a circular orbit of radius 1 A.U. around the sun. Consider Mars to be on a circular orbit of radius 1.5 A.U. around the sun. The perihelion point on the Hohmann transfer ellipse would lie on the Earth’s orbit and its aphelion point would lie on the orbit of Mars. (a)  How long would it take to travel from Earth to Mars on such an orbit? Express your answer in months or years. (b) What is the eccentricity of this ellipse?

6. If the Earth were suddenly stopped in its orbit and released from rest, it would fall into the sun. How long would it take for the Earth to fall into the sun? (Treat the Earth and sun as point masses.)

In this one-dimensional problem the force (and hence the acceleration) is variable. It is not a trivial problem to solve analytically. Can you think of a way to replace this problem with a Kepler’s 3rd Law problem that will give you an answer very close to the solution of the analytical problem? 

7.
The differential gravitational force is responsible for the tides. To find an expression for the differential force, take the derivative with respect to r of Newton’s Universal Law of Gravitation and solve for dF. Then treat dF and dr as finite differences ΔF and Δr. What is the ratio of the magnitudes of the differential forces on the Earth due to Jupiter and the moon? Assume that Jupiter is at its closest position to the Earth. When all of the planets line up on the same side of the sun should we expect catastrophic tides?
