Circular Motion Problem Set
1. Jupiter's distance from the Sun is 7.78×1011 meters and it takes 3.74×108 seconds to complete one revolution of the Sun in its roughly circular orbit. What is Jupiter's speed?
2. Saturn travels at an average speed of 9.66×103 m/s around the Sun in a roughly circular orbit. Its distance from the Sun is 1.43×1012 m. How long (in seconds) is a "year" on Saturn?
3. In a carnival ride, passengers are rotated at a constant speed in a seat at the end of a long horizontal arm. The arm is 8.30 m long, and the period of rotation is 4.00 s. (a) What is the magnitude of the centripetal acceleration experienced by a rider? (b) State the acceleration in "gee's," that is, as a multiple of the gravitational acceleration constant g.
4. Consider the radius of the Earth to be 6.38×106 m. What is the magnitude of the centripetal acceleration experienced by a person (a) at the equator and (b) at the North Pole due to the Earth's rotation?
5. A ball with mass 0.48 kg moves at a constant speed. A centripetal force of 23 N acts on the ball, causing it to move in a circle with radius 1.7 m. What is the speed of the ball?
6. An astronaut in training rides in a seat that is moved in uniform circular motion by a radial arm 5.10 meters long. If her speed is 15.0 m/s, what is the centripetal force on her in "G's," where one G equals her weight on the Earth?
7. A car with mass 2200 kg goes around a banked circular track in a path with radius 23 m. The track makes an angle of 15° with the horizontal. How fast should the car go around the track so that there will be no "sideways" friction force acting on the tires?
8. You have lovingly restored a red 1964 Ford Falcon two-door sedan, complete with a pair of red fuzzy dice hanging from the rear-view mirror. When you go down a straight road at 26.0 m/s, the dice hang straight down, but when you enter a flat circular turn with radius 97.0 m at the same speed, they hang at an angle θ from the vertical. What is θ?
9. A rotating space station has radius 1.31e+3 m, measured from the center of rotation to the outer deck where the crew lives. What should the period of rotation be if the crew is to feel that they weigh one-half their Earth weight?
10. You are designing a roller coaster for a new amusement park on the Moon. You envision a loop with a radius of 35 meters in your track. (a) What minimum speed at the top will a car have to possess in order to successfully negotiate the loop? The gravitational acceleration on the Moon is 1.6 m/s2. (b) What speed at the top of the loop would a car need to have if the same roller coaster was built on Earth?
11. The International Space Station orbits the Earth at an average altitude of 362 km. Assume that its orbit is circular, and calculate its orbital speed. The Earth's mass is 5.97×1024 kg and its radius is 6.38×106 m
12. An asteroid orbits the Sun at a constant distance of 4.44e+11 meters. The Sun's mass is 1.99×1030 kg. What is the orbital speed of the asteroid?
