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Physics

WSI Universal Gravitation (7)
Show all work for full credit and underline your final answer on a separate paper
1. The largest fish is the whale shark, which can have a mass of 2.04 x 104 kg. The largest mammal, and indeed the largest animal ever to have lived on Earth, is the blue whale, which can have a mass of 1.81 x 105 kg. If the distance between these two creatures is 1.5 m, how large is the gravitational force between them?

2. Although it contributes only 0.02 percent to Earth’s total mass, the water in Earth’s oceans is still quite massive. Suppose the water of the oceans could somehow be drained, kept in liquid form, and moved as far from Earth as the moon is. How large would the gravitational force between the water and Earth be? Assume the mass of the ocean’s water to be 1.4 x 1021 kg, the mass of Earth to be the same with water (5.98 x 1024 kg), and the Earth-moon distance to be 3.84 x 108 m.

3. A gravimeter is a highly sensitive device that measures changes in the gravitational force in a given area. These measurements reveal variations in the density of underground rock. This information can be used to indicate whether resources like oil are possibly present. Suppose a certain type of gravimeter has a test mass of 0.500 kg inside it. How large is the gravitational force between this mass and a mountain that is 10.0 km away and that has a mass of 2.50 x 1012 kg?
4. The magnitude of the gravitational force between two Sumo wrestlers just before they collide (r = 0.025 m) is 2.77 × 10-3 N. If one wrestler has a mass of 157 kg, what is the mass of the other wrestler?

5. Jupiter’s largest moon, Ganymede, is also the eighth largest known object in the solar system. The magnitude of the gravitational force between Ganymede and Jupiter is 1.636 × 1022 N. Given that Jupiter’s mass is 1.90 × 1027 kg and the distance between Jupiter and Ganymede is 1.071 × 106 km, calculate Ganymede’s mass.

6. The largest known asteroid in the solar system is Ceres, which is located in an orbit between Mars and Jupiter. Although the existence of Ceres has been known for two hundred years, its mass is still not well determined. Suppose the magnitude of the gravitational force between the sun and Ceres equals 1.17 × 10 18 N. Given that the sun’s mass is 1.99 ×10 30 kg and the distance between the sun and Ceres is 4.12 × 1011 m, what is Ceres’ mass?

7. The nearest galaxy with a size similar to that of the Milky Way is the so called Andromeda galaxy. By all appearances, this galaxy is very similar to our own. Suppose both the Milky Way and Andromeda galaxies have identical masses equal to 500 billion solar masses, or 9.95 × 1041 kg. If the gravitational force between the two galaxies has a magnitude of 1.83 × 1029 N, what is the distance separating the galaxies?

8. At the sun’s surface, which is called the photosphere, the gravitational force between the sun and a 1.00 kg mass of hot gas has a magnitude of 274 N. Given that the sun’s mass equals 1.99 × 1030 kg and assuming that the sun is spherical, what is the sun’s mean radius?

9. At the surface, or photosphere, of the red super giant star Betelgeuse, the gravitational force between the star and a 1.00 kg mass of hot gas is only 2.19 × 10 -3 N. This is because the mean radius of Betelgeuse is so large. Given that the mass of Betelgeuse is 20 times that of the sun, or 3.98 × 10 31 kg, what is the mean radius of Betelgeuse?

10. Comets from the Oort cloud do not frequently enter the solar system close to the sun. This occurs only when they are perturbed by other masses, such as other nearby comets, or even the closest stars. Suppose two comets in the Oort cloud interact with a gravitational force of just 125 N. If the masses of the comets are 4.5 × 1013 kg and 1.2 × 1014 kg, what is the distance separating them?

