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A.P. Physics – 1



Unit 4



Rotational Motion In-Class Example Problems



Angular Quantities: 1. A merry-go-round with a radius of 2.3 meters rotates at a constant speed, such that it completes 10 full revolutions in a time of 13 seconds. a. If a bug is sitting at the edge of the merry-go-round, through what total distance does the bug move during the 13 second time interval?



b. Calculate the angular velocity of the merry-go-round during the 13 seconds, measured in rad/s.



c. Now the merry-go-round slows down for 25 seconds, and its angular speed is 1.2rad/s at the end of that interval. Find the average angular acceleration during the 25 seconds.



2. How much time is required to accelerate a tire from 20 rpm to 50 rpm, if the acceleration occurs at a rate of 450 rev/min2?



3. A wheel with a diameter of 24 cm accelerates from rest to an angular speed of 12 rpm over the course of 5 seconds. The wheel continues to accelerate at the same rate once the 5 second interval is over. a. What is the linear speed of a point at the wheel’s edge, at the end of the 5 seconds?



b. What is the tangential component of the linear acceleration of that same point at the wheel’s edge, at the end of the 5 seconds?



c. What is the radial component of the linear acceleration of that same point at the wheel’s edge, at the end of the 5 seconds?



Rotational Kinematics: 4. A fan is rotating at 500 rpm, then slows to 200 rpm over the course of 30 seconds. a. What is the fan’s angular acceleration rate?



b. Through what angle does the fan rotate during the 30-second slowing interval?



160N



Torque:



17o



5. A force of 160N acts at the end of a wrench, at an angle that is 17degrees from being perpendicular to the length of the wrench. What torque is produced about an axis of rotation through a bolt’s location, 24cm from where the torque is acting?



24cm



6. Use the given top-view diagram to calculate the torque caused by the given force, about an axis through the center of the object. 46cm



F=200N 18cm



7. Three forces are acting on a lightweight object, as shown in the diagram. Find the net torque on the object about an axis perpendicular to the page and passing through point P. 42cm 90o



P



14N 90o



20N 50cm



97cm



52o 85N



Rotational Inertia: 8. Four particles, each with mass of 3kg, are placed at the corners of a rectangle (as shown below) and held in place with lightweight rods. Calculate the moment of inertia for this rigid object about the axis shown.



9. A 5 kg solid disk has its mass distributed uniformly, and is free to rotate about an axis through its center. If the diameter of the disk is 42 cm, calculate its rotational inertia.



2nd Law for Rotation: 10. A 20 N force is applied at the edge of a hoop, in a direction tangent to the hoop, to cause the hoop to rotate about an axis through its center. The hoop’s diameter is 30 cm, and its moment of inertia is 0.035 kgm2. What is the angular acceleration experienced by the hoop?



11. The solid, uniformly weighted sphere in the diagram has a mass of 4.2kg and a radius of 38cm. A string is attached to the sphere and wrapped around the middle of the sphere, and then begins pulling with a constant 30N tension force that is tangent to the sphere's surface. If the sphere is at rest when the tension force begins acting, how much time is required for the sphere to reach an angular speed of 5.3 rpm?



12. A 2.3 kg thin rod that is 50 cm long is free to rotate about an axis through one end, as shown in the given top-view diagram. The rod is initially at rest, when a force F starts acting at the center of the rod, in a direction perpendicular to the rod. (And the force’s direction constantly changes to rotate along with the rod.) With the force F acting, the rod rotates through an angle of 24 radians in reaching a final angular speed of 30 rad/s. When the force F stops acting, the rod slows under the influence of a frictional torque that slows the rod to a stop after 5 seconds (from the time that F stops). Calculate the magnitude of the force F.



F Axis



Energy during Rotation: 13. A 2kg solid wheel with a radius of 35cm is initially at rest. How much work must be done on the wheel to give it an angular speed of 15 rad/s?



14. A 3kg block is hung from a string that is wrapped around a 5kg disk with a radius of 12cm. As the block is released from rest, it falls and turns the disk about an axis through its center. Assuming no friction, how far has the block fallen when it reaches a speed of 1.8m/s?



15. A 0.4kg hoop is released from rest at a height of 78cm above a tabletop, to roll down an incline (without slipping). Calculate the hoop's speed when it reaches the tabletop.



Angular Momentum & Impulse: 16. A 1.2 kg solid sphere with radius of 32 cm is rotating about an axis through its center, with an angular speed of 0.8 radians per second. a. What is the angular momentum of the sphere?



b. What torque would be required to increase the rotational speed of the sphere to 3.9 rad/s, over a time interval of 5 seconds?



17. A 0.4 kg ball is tied to the end of a 1.7-meter-long string, and a man holds the other end of the string. If the man starts swinging the ball in circles over his head, and if he is able to apply a constant torque of 3Nm during the process, how much time is required to increase the ball’s rotational speed to 70 rpm?



Conservation of Angular Momentum: 18. A figure skater is initially rotating in place with his arms above his head, at an angular speed of 3.6 revolutions per second. In this position, the skater’s moment of inertia is approximately 1.3 kgm2. a. When the skater is rotating in his initial position, how much angular momentum does he possess?



b. The skater then extends his arms and one leg, increasing his rotational inertia by a factor of 5. What is the new angular speed at which he rotates?



19. A 1.4 kg solid potter’s wheel has a radius of 23 cm. The disk is freely rotating at an angular speed of 14 rad/s when a 200-gram clump of clay is dropped from above to land on the very edge of the wheel. What is the new angular speed at which the disk and clay rotate together?



Supports 20. A 0.3 kg ball is tied to an 80-cm-long string, which is then tied to a support to hang down freely. Hanging directly next to the ball is a long, thin rod of mass 1.4 kg and length 80 cm, which is also free to rotate about a support through its upper end. The entire setup is shown in the diagram to the right. The ball is pulled back some distance from the position shown, and released to swing downward and collide with the bottom of the rod. The ball is moving at 3.2 m/s when it collides with the rod, and the collision brings the ball to a stop.



80 cm



At what angular velocity does the rod swing immediately following the collision?



21. A 25g particle is moving at a speed of 4.2m/s in the positive y-direction across a frictionless xy plane. When the particle is at the point (3.0m, 0.0m), calculate its angular momentum relative to... a. the origin.



b. the point (0.0m, 2.0m).



c. the point (3.0m, 5.0m).



22. A 60cm-long, 800g stick rests on a frictionless table, free to pivot about one end, which is fixed in place to act as an axis of rotation. The stick is hit in the center by a 50g ball moving at 12m/s in a direction perpendicular to the stick's length. If the ball adheres to the stick, calculate their rotational speed after the collision.



Translational Equilibrium: 23. A block is at rest on a frictionless horizontal countertop, under the influence of three horizontal forces. The given diagram shows a top view of the block, along with the three forces (and the x- and y-components of the two angled forces). Use the given information to find the magnitudes of the two unknown forces.



60N F1



100N 42N



F2



24. An object is supported at rest by cables as shown in the picture. If the tension in the right cable is 250N, find the tension in the other cable and the weight of the object. 24o



52o



25. A 100kg object is supported by cables as shown in the picture. Find the tension in each cable.



o



28



o



53



Static Equilibrium: 26. In a class experiment, students hang heavy masses from a 2kg rod and attempt to balance it on a pivot point under its center. If a 5kg mass is hung on the rod at a distance of 23cm from the center, where should a 7.2kg mass be hung on the other side to balance the rod?



27. A man is standing on a scaffold supported by two vertical ropes, one on each end. The scaffold weighs 150 N and is 2m long. What is the tension in each rope when the 600N man stands 0.5m from the right end of the scaffold?



28. A 4.0-meter-long wooden plank is balanced on a fulcrum that is not placed under its center. The plank has a mass of 15 kg, which is uniformly distributed over its length. Where must the fulcrum be located so that a 30N weight, placed at the left end of the plank, balances it?



29. A 300N uniform rectangular sign 4m wide is suspended from a horizontal, 5m-long rod, so that the sign’s right edge is lined up with the rod’s right end. The weight of the rod is 80N. The left end of the rod is supported by a hinge and the right end is supported by a thin cable making a 20o angle with the horizontal, as shown in the picture. Find the tension in the cable, and the horizontal and vertical components of force exerted on the left end of the rod by the hinge.



20o



I LOVE Static Equilibrium!



30. A 2,000N steel rod that is 5 meters long is placed in a corner between the floor and a wall, and balanced at an angle using a cord attached to the wall. The rod is balanced such that its top end is 2.38 meters away from the wall. The cord is 40 cm long, and it is attached to the wall at a height of 75 cm above the floor. The diagram to the right shows the situation. If the lower end of the rod does not slip from the corner, what is the tension in the cord?
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