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1. Kinematics of Uniform Circular Motion


An object that moves in a circle at a constant speed is said to undergo uniform circular motion.


The velocity does not change in magnitude, but its direction is continuously changing.
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Centripetal Acceleration
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Now, we perform some identical algebraic transformations:
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By the definition of acceleration, � EMBED Equation.2  ���. Because a small chord is approximately equal to its arc, then � EMBED Equation.2  ���. Substituting these values, we obtain the centripetal acceleration,





� EMBED Equation.2  ���








Why is it called centripetal? Consider again the previous picture for smal�l times, � EMBED Equation.2  ���.


























We see that � EMBED Equation.2  ��� and, consequently, � EMBED Equation.2  ���.are perpendicular to � EMBED Equation.2  ���.
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Example:


Find centripetal acceleration of a car rounding an 80-m-radius turn at 100 km/h.


First we need to convert the velocity into SI, 100 km/h=28 m/s. Then we calculate,


� EMBED Equation.2  ���





This is, indeed, a very high acceleration, numerically close to the free-fall acceleration.


























2. Uniform Circular Motion: Dynamics


It follows from the Second Newton’s Law that any acceleration is caused by a force. A force that causes the centripetal acceleration is called the centripetal force,


� EMBED Equation.2  ���
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Examples: 


 For a ball on a string, � EMBED Equation.2  ��� is the tension of a string (an elastic force), 


 For a planet, � EMBED Equation.2  ��� is the gravitational force


 For an electron in an atom, � EMBED Equation.2  ��� is the electric (Coulomb) force


 For a car rounding a turn, � EMBED Equation.2  ��� is ??????? force.


Example:


(a) Find the centripetal force needed for a 1500-kg car to round a 80 m-radius turn at 100 km/h.


(b) Find the minimum radius of a turn for a car going at 100 km/h on a dry concrete road (� EMBED Equation.2  ���).


(c) The same as in (b), but on a wet concrete road (� EMBED Equation.2  ���).


Solution:


(a) First, we convert 100 km/h=28 m/s. Then we calculate,


� EMBED Equation.2  ���


(b) Consider the free-body diagram for a cornering car:
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The Second Newton’s Law in the y-direction gives the familiar result,


� EMBED Equation.2  ���.


The force acting in the x-direction is the centripetal force,


� EMBED Equation.2  ���.


On the other hand, this force is provided by the static friction between the tires and the road. As any static-friction force, � EMBED Equation.2  ��� satisfies the inequality,


� EMBED Equation.2  ���.


This inequality becomes an equality for the maximum speed or the minimum radius of a turn,


�� EMBED Equation.2  ���.


From this, we find the minimum radius of a turn,


� EMBED Equation.2  ���.


Note that the minimum radius does not depend on the mass.


Substituting numerical values (� EMBED Equation.2  ���):


�� EMBED Equation.2  ���


(c) The same as in (b) but with � EMBED Equation.2  ���,


�� EMBED Equation.2  ���Discussion:


If one enters the turn at a higher speed, then the wheels will start slipping, and the static friction will change to kinetic. Consequently, the friction force will immediately and considerably reduce. In the wet-road case, the radius of the “slipping” curve will increase to 


� EMBED Equation.2  ���


This will further deteriorate the situation ( there is no way out.


This in an unavoidable scenario, if the initial speed of a car is too high for the turn. 
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An emergency braking may be also dangerous, because it tends to block the wheels and increase the turn radius.





Problem:  A 0.5 kg ball on the end of a string is cleverly rotated at a uniform rate with a speed of 5.6 m/s in a vertical circle of radius 1.4 m. 


Calculate the tension in the string when the ball is at (a) the top of its path and (b) at the bottom of its path.





�
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(a) At the top of the path, the gravity force and the tension add to yield the centripetal force:


� EMBED Equation.2  ����


� EMBED Equation.2  ���


Solving this for the tension in the upper point, we obtain


� EMBED Equation.2  ���


Similarly, at the bottom of the path, the gravity force subtracts from the tension to yield the constant centripetal force,
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� EMBED Equation.2  ���


Solving this for the tension in the lower point, we obtain 


� EMBED Equation.2  ���.


This is in a reasonable agreement with the numerical experiment.


NASA's Voyager 2 took this photograph of Saturn on July 21, 1981, when the spacecraft was 33.9 million kilometers (21 million miles) from the planet.  The moons, Rhea and Dione, appear as blue dots to the south and southeast of Saturn. Courtesy NASA/JPL.
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� EMBED Equation.2  ���





� EMBED Equation.2  ���
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� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





Thus, the centripetal acceleration is constant in magnitude and always directed toward the center of the circle.








� EMBED Equation.2  ���





� EMBED Equation.2  ���





� EMBED Equation.2  ���





The centripetal force is constant in magnitude and directed toward the center of the circle. This is not a new type of force. This is merely the common name for any force compelling a body to move in a circle.
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