Chapter 5 Uniform Circular Motion
Uniform circular motion is defined as motion at a constant speed following a circular path. 

The period of an object in uniform circular motion is the time required for the object to complete the path one time.

The equation relating period and speed is:

V = 2ΠR/T

Where V = speed, r = radius of circle, and T = period.

The units for T will be seconds or minutes per revolution.

Remember, although the speed is constant, the velocity is not since the direction is always changing.

Centripetal acceleration is the name for acceleration that is always at a right angle to the velocity vector direction causing the object to move in a circular path.

The magnitude pf centripetal acceleration can be found using the formula:

Ac = V2/R

Where Ac = centripetal acceleration, V = speed, and R = radius of the circle. It is helpful to remember that the velocity vector is always oriented tangent to the circular path. This causes the velocity to be oriented perpendicular to both the radius of the circle and the centripetal acceleration which is in the same direction as the radius.
From the equation above we can see that the centripetal acceleration depends directly  on the square of the speed of the object and inversely on the radius of the circular motion. In other words,  more speed produces a larger acceleration, but a larger radius produces a smaller acceleration.

Example
The blade of a windsheild wiper moves through an angle of 90 degrees in 0.40 seconds.  The tip of the blade moves through an arc with a radius of 0.45 meters. Find the centripetal acceleration of the tip of the blade.

An object experiencing uniform circular motion can not be in equilibrium. Since the direction is constantly changing, this constitutes a change in velocity which cannot happen if the object is in a state of equilibrium.
Centripetal force is simply the product of mass and centripetal acceleration. This comes from Newton's second law, F = MA.

The equation is:

Fc = MV2/R

Where Fc = centripetal force, M = mass, V = speed, and R = the radius of the circular path. The centripetal force always points to the center of the circle and changes direction as the object moves around the circle. Remember, force and the resulting acceleration always point in the same direction.

Example

A student is twirling a .0120 kg ball on a string in a horizontal circle with a radius of 0.100 m. The ball travels around the circle once every 0.500 seconds. Find the centripetal force acting on the ball. If the speed is doubled, what happens to the magnitude of the centripetal force?
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When a moving object(vehicle, etc.) follows a circular path, the centripetal force is supplied by friction and banking of the turn. The frictional force between a tire and the road is one example. Icy roads and/or bald tires produce low coefficients of friction and small centripetal forces. When a turn is banked, a component of the normal force acts towards the center of motion to provide a centripetal force.
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Since the centripetal force = FnsinӨ  and FncosӨ = Mg, 

FnsinӨ  = MV2/R




 FncosӨ      Mg  
and we get:

tanӨ = V2/Rg
This result tells us the minimum angle at which the turn is banked must be increased for higher speeds and is decreased for a larger turn radius. If the speed is too slow, the car would slide down the bank. If the speed is too high, the car would slide off of the top of the bank. Since friction actually does exist, there is a range of speeds that allow a car to make the turn without sliding off either way.

Example

A race track is shaped like an inverted cone. Race cars drive around this track in a horizontal path. If a drivers speed is 34 m/s, at what distance from the tip of the cone should he drive his car if there is no friction?
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Satellites in circular orbits experience a centripetal force due to the earth's gravity. If the orbit is to have a fixed radius, there is only one speed that will achieve that orbit.

Using Newton's Law of Gravitation,

Fc = GmMe/R2 =mV2/R

Where G is Newton's gravitational constant, Me is the mass of the earth and R is the distance from the center of the earth to the satellite. If we solve for the speed of the satellite,

                                                     _______            
V = √GMe/R
So as R increases, V decreases. Notice that the orbital speed does not depend on the mass.

Example

A satellite is placed in orbit around Jupiter at an altitude of 6.0 x 105 meters. Jupiter has a mass of 1.90 x 1027 kg and a radius of 7.14 x 107 meters. Find the satellite's orbital speed.
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The global positioning system uses satellites and a radio signal to determine the distance to a transceiver on earth. The distance from one satellite places the transceiver on a circle. Two satellites use intersecting points on two circles to determine two possible locations. Use of a third satellite pinpoints one location where all three circles intersect.
The relationship between the period of an orbit and the radius of the orbit can be determined using these equations. Since 

V = 2ΠR/T

Where 2ΠR is the circumference of the orbit and T is the period of one orbit, we can write:

                                       _______

√GMe/R = 2ΠR/T

and solve this for T giving:

T = 2ΠR3/2
    √GMe
This is known as Kepler's third law if we replace the mass of the earth with the mass of the sun and let R represent the radius of orbit of the planet being studied.
As you can see, the time to complete one orbit is directly proportional to the distance between the center of the sun and the center of the planet raised to the 3/2 power.

Example

The earth orbits the sun once a year at a distance of 1.5 x 1011 meters. Venus orbits the sun at a distance of 1.08 x 1011 meters. How many earth days does it take for Venus to complete one orbit around the sun?

Since this law applies to objects orbiting the earth as well, the radius of a satellite's orbit can be determined if the desired period is known. This is particularly helpful to determine the altitude at which a synchronous satellite must orbit. This is a satellite which completes one orbit every 24 hours and remains over the same location on the earth indefinitely. Some weather satellites and communication satellites are put into geosynchronous orbits.
Weightlessness in earth orbit is better described as apparent weightlessness. Weight is perceived as the normal force the floor exerts on the bottom of the scale as we stand on it. If the floor is accelerating at the same rate and in the same direction as we are, the normal force is zero and we perceive our weight to be zero. Remember what happens to our weight in an elevator in free fall. The scale reads zero.
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Artificial gravity can be created by rotating the object so that a centripetal force is required to keep us in orbit within the structure. This centripetal force causes the floor to push against our feet and gives us a feeling of having weight.
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Motion in a circle above the surface of the earth which is oriented so that the plane of the circle is oriented up and down is called vertical circular motion. The most significant difference in forces occurs between the top and bottom of the circle.
At the bottom of the circle the centripetal force and the weight of the orbiting object must be supplied by the force connecting the orbiting object to the center of motion.

Fnb = mv2/r + mg

At the top, however, mg acts down toward the center of motion and reduces the required force connecting the orbiting object and the center of motion.

Fnt = mv2/r - mg
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Example

A passenger on a roller coaster goes through a dip that bottoms out as a vertical circle of radius r. When she goes through the dip she feels the seat pushing upward with a force equal to twice her weight. If the radius of the vertical circle described by the dip is 20 meters, find the passenger's speed at the bottom of the dip.

When determining the minimum velocity required to maintain a vertical circle orbit, the centripetal force at the top must exactly equal the weight of the object. This equation results:

mg = mv2/r

if we divide out the masses and rearrange the equation to solve for v, we get the equation for critical velocity.





                     ____

Vc = √Rg

Where R is the radius of the orbit and g is the acceleration due to gravity at the location of the orbit.

Example

Find the critical velocity of an object orbiting 20,000 km above the surface of the earth.
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