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Circular Motion Problems
Instructions:  Complete the following problems on a separate sheet of paper showing vector diagrams (including the Fc vector and a FBD), the derivation for the particular equation used (brief) and all work.

1.
A racing car whose mass is 1800 kg is going a round a circular track of radius 0.5 km traveling 180 km/hr.

a)
Find its tangential velocity.  (50 m/s)

b)
Find its angular velocity.  (0.1  1/s)

c)
Determine its centripetal acceleration.  (5.0 m/s2)

d)
Determine the necessary friction between the road and car in order to have the car make the curve (assume a flat roadway).  (9000 N)


2.
Herbert swings a 3.0 kg block in a circle in the vertical plane.  The block has a constant angular velocity of 12 1/s and the string is 2.0 m long.

a)
Determine the centripetal acceleration of the block.  (288 m/s2)

b)
For each position, A, B, and C, draw in the centripetal force vector and the individual force vectors.  

c)
What is the force of the string on the block for each position A, B, and C?  


(835 N, 864 N, 893 N)

d)
Find the minimum velocity (both tangential velocity and angular velocity) necessary for the block to move in its circular path.  (4.43 m/s, 2.21 1/s)


3.
The corkscrew at Cedar Pointless Amusement park has a radius of 30 m and a speed of 40 mph when a person is inverted at the top of the loop.

a)
Find the apparent weight of Jamie (50 kg) at the top of the loop.  (44 N)

b)
Determine the minimum velocity that the coaster must be traveling in order to stay on the circular track without safety devices.  (17.1 m/s)

4.
Jamie (50 kg) is driving over her Mercedes (2000 kg) over a gently curving hill of radius 200 m at 56 mph.  Find her apparent weight at the top of the hill.  (334 N)

5.
It is an experimental fact the people cannot tolerate rotation rates of greater than 1 rpm for extended periods of time.  You have designed a “hamster cage” cylindrical space station that has a radius of 1.0 km and a rotation rate of 1.0 rpm (the max).  The station will be located in deep space out of all gravitational fields.

a)
What is Josie’s (mass = 60 kg) artificial weight (apparent weight) in the station?  (662 N)

b)
What would be her apparent weight if the rotation rate were cut in half?  (165 N)

c)
At what rotation rate would her apparent weight equal to her weight on earth?  (0.099  1/s)

6.  
An engineer is designing a curve of radius 373 m for a road with a speed limit of 70 mph.

a)  
Determine the frictional force necessary for an 1800 kg car to travel around this curve on a flat roadway (not banked).   (4729 N)

b)
Determine the frictional force necessary for an 5000 kg truck to travel around this curve on a flat roadway (not banked). 

c)
Draw a labeled vector diagram which shows all the forces (and applicable component forces) acting on a car traveling around a banked curve. 


d)
Find the angle that the roadway must be banked (from the horizontal) so that no frictional force is necessary for the car to negotiate the curve safely.   (15°) 

e)
Would this be the same angle necessary for the truck to safely make the curve?  Explain.

7.
Help Josie calculate the net force acting on a 800 kg syncom satellite which is to be put in a geosynchronous orbit 120 miles above the surface of the earth  (radius of the earth = 6.4 x 103 km).  (27.9 N)

8.
 Jamie (Josie’s cousin, mass = 50 kg) is riding the “Rotor” at the carnival in the parking lot of that other high school has a radius of 2.0 m and rotates once every 2.0 seconds. 

a)
Find the “Rotor”s” angular velocity.   (3.14  1/s)

b)
Determine the net force acting on Jamie as she spins  (986 N)

c)
Draw a vector diagram including the Fc vector and showing all forces and appropriate component forces acting on Jamie.

d)
Determine the horizontal and vertical components of the force that the wall exerts on Jamie.  (check with ans to part “e”)

e)
Determine the total force that the wall exerts on Jamie and the direction of the force from the horizontal.  (1100 N, 26.4°)


