Uniform Circular Motion - Banked Curves
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Note:  The topic of banked curves was covered during Lecture and, therefore, could appear on Midterm Exam2.  The purpose of this   Recitation Activity is to review the concepts of uniform circular motion as they apply to banked curve situations with and without (static) friction.

Case #1: Without Friction


Below is a diagram of a racing car traveling at constant speed around a curve of radius 117 meters that is banked at an angle of = 20(. The car has mass, M.
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1. Draw and label all of the forces acting upon the car as it makes this turn.  Also label  wherever it defines the direction of a force from an adjacent axis.

2. Although the car is moving at constant speed, it is accelerating.  What type of acceleration is it experiencing?  In reference to the X-Y axis shown in the diagram above, describe the direction of this acceleration.

3. Write an equation (using Newton’s Laws) describing the dynamics of the car in the Y-direction.  Include only symbols (M, V, R, g, , etc.) in your equation.

4. Write an equation (using Newton’s Laws) describing the dynamics of the car in the X-direction. Include only symbols (M, V, R, g, , etc.) in your equation.

5. With what speed, V, does the car travel around the curve so that it remains at this position on the bank? State your answer in both [m/s] and [mi/hr]. Show all work clearly and completely.
Case #2: With Friction


Below is another diagram of the same racing car as in the previous case.  However, due to the presence of friction between its tires and the road surface, it is able to travel at an even higher constant speed.  Assume that the curve still has a radius of 117 meters and is banked at an angle of = 20(. The car still has mass, M.  However, the coefficient of static friction, s, between the surface of the road and the tires is 1.876 . (Note: The coefficient of static friction between rubber and other surfaces tends to be very large, ranging anywhere from 1.0 – 4.0.)


1. Draw and label all of the forces acting upon the car as it makes this turn.  Also label  wherever it defines the direction of a force from an adjacent axis.

2. Although the car is moving at a different constant speed, it is still accelerating.  What type of acceleration is it experiencing?  In reference to the X-Y axis shown in the diagram above, describe the direction of this acceleration.

3. Write an equation (using Newton’s Laws) describing the dynamics of the car in the Y-direction. Include only symbols (M, V, R, g, , etc.) in your equation.

4. Write an equation (using Newton’s Laws) describing the dynamics of the car in the X-direction. Include only symbols (M, V, R, g, , etc.) in your equation.

5. With what maximum speed, V, does the car travel around the curve so that it remains at this position on the bank?  Note:  The word “maximum” is used to clarify that the magnitude of the force of static friction is at its greatest value and can be determined as follows:
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State your answer in both [m/s] and [mi/hr]. Show all work clearly and completely.
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