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HW/Problem Sheet

Circles

1) A toy train is moving at a constant speed around a track with a radius of 1.0 meter once every 10 seconds. 

a) What is the average speed of the train?

b) What is the centripetal acceleration?

c) What is the average velocity each circle?

2) An airplane is in a holding pattern around JFK. It flies with a constant speed through a horizontal circle that has a diameter of 10 km. It makes one circle every 5 minutes.

a) What is the speed of the airplane in m/s?

b) What is the centripetal acceleration of the airplane?

c) If the plane has a mass of 2.5 x 105 kg, what must be the magnitude of the net force that is causing this motion? 

(Think about the actual force that is probably causing this motion)

3) A 5 kg bucket is attached to a string that is 2 meters long and is whirled in a perfectly horizontal circle above a person’s head. The speed of the bucket is a constant 4 m/s.

a) What is the period of the bucket’s motion?

b) What is the centripetal acceleration of the bucket?

c) What is the tension in the string?

d) How many revolutions does the bucket make in one minute?

e) What is the angle between the directions of the velocity and acceleration at any moment for the bucket?

4) A 1200 kg SUV is making a turn around a corner that has a radius of 30 meters. The car is moving with a speed of 20 m/s as it enters the turn.

a) What must be the magnitude of the net force for the car to make it around the turn? What actual force is providing this net force?
b) What needs to happen to the magnitude of this force if the


- speed is doubled? 
- radius is halved?

- mass is tripled?

c) What must be the minimum coefficient of friction that allows the SUV to navigate the corner successfully?

5) A girl whirls a 0.2 kg stone tied to the end of a 0.6 meter cord in a vertical circle at a constant speed. The stone makes 30 revolutions per minute.

a) What is the period of motion?

b) Draw a free body diagram for the stone at the bottom of the motion.

c) Find the tension in the rope at the bottom of the circle.

d) Draw a free body diagram for the stone at the top of the motion.

e) Find the tension in the rope at the top of the circle.

f) Find the minimum speed the stone could have at the top and still make it around the circle without the rope going slack.
6) A car is traveling over the crest of a hill. The hill has a circular shape that has a radius of 400 m. The driver in the car has a 70 kg mass.
a) Draw a free body diagram for the person in the car at the top of the hill.

b) If the car is going 10 m/s, what is the apparent weight of the driver?

c) If the car is going 22 m/s, what is the apparent weight of the driver?

d) What is the maximum speed of the driver could have without losing contact with the road?
7) A 50 kg person is sitting in a Ferris wheel with a radius of 20 meters that makes 1.2 revolutions each minute at a constant rate.

a) What is the period of motion?

b) What is the speed of the person?

c) Find the apparent weight of the person at the top of the ride.

d) Find the apparent weight of the person at the bottom of the ride.

8) Tarzan (mass of 85 kg) tries to cross a river by swinging on a 10 meter long vine. His speed at the bottom of the swing is 8.0 m/s. The vine, alas, can only withstand a maximum tension of 1000 N. 
Does he make it safely across? Justify your answer with math. If not, what is the maximum speed that would allow him to safely cross?

9) A roller coaster has a mass of 500 kg when loaded with passengers. 

a) If the speed of the car at A is 25 m/s, what is the force of the track on the cart at that location? (The radius of the circle is 40 m)
b) If the speed of the car at B is 12 m/s, what is the force of the track on the cart at that location? (The radius of the circle is 50 m)
c) If the speed of the car at C is 10 m/s, what is the force of the track on the cart at that location? (The radius of the circle is 18 m)
d) Find the max speed that the cart can have at B without losing contact.

e) Find the min speed that the cart can have at C without losing contact.







         A


B


 C
10) One of my least favorite rides is the Gravitron ®. You know this one. It is the cylinder where you stand up against the wall, it starts rotating and then you “stick” to the wall. Let’s say that our Gravitron has radius of 3 meters and rotates 120 times each minute when at maximum speed when the floor drops away. The person is 50 kg
a) Draw a free body diagram for the person “stuck” against the wall.

b) Find the period of motion.

c) Find the speed of the person.

d) What must the centripetal force that acts on the person as the cylinder rotates?

e) What must be the size of the frictional force such that the person does not slip?

f) What must be the minimum coefficient of friction such that the person does not slip at this speed?

g) If the person were twice as massive, redo d, e and f.

