MRPS - Rotational Motion-150A CP(Flywheel)

	Problem:
A solid disk of mass 50 kg and radius 0.8 m is parallel to the ground.  The axis of rotation is through the center of the disk and perpendicular to the disk.  (a) What is the rotational inertia of the disk?  (b) If a force of 25 N is applied tangent to the disk at the edge of the disk, what is the angular acceleration of the disk?

	(A)  Pictorial Representation
Include:

•   a coordinate axis,

•
a sketch of the situation described in the problem, 

•
the axis of rotation,

•
symbols that represent the known values, and

•
a symbol representing the unknown(s) that you wish to determine.

	

	(B)  Physical Representation
Construct a rotational motion diagram and a force diagram for the system (and for each individual object of interest).


	

	(C)  Math Representation
         and Solution

Do you use rotational kinematics first _________ to find the angular acceleration, or do you start with torques and the rotational form of Newton's second law _________?  

After you decide, apply in whatever order you choose, rotational form of Newton's second law and rotational kinematics to determine the answer.


	

	(D)  Evaluation
•
Does the sign of the answer agree?

•
Is the unit of the answer correct?

•
Is the magnitude reasonable?
	


MRPS - Rotational Motion-150B CP(Hoop and Incline)

	Problem:
Problem:  A 5.0 kg hoop 1.0 m in diameter rolls down an inclined plane 10 m long that is at an angle of 15˚ with the horizontal.  (a) What is the angular speed of the hoop at the bottom of the plane?  (b) What is its linear speed?  (c) What is its rotational kinetic energy?  (d) What is its total kinetic energy?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:

	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-150C CP(Braking Disk)

	Problem:
Problem:  A 2.0 kg, 30 cm-diameter disk is spinning at 300 rpm.  How much frictional force must the brake apply to the rim to bring the disk to a halt in 3.0 s?  The disk is spinning about an axis through its center and perpendicular to the disk.  The brake is applied radially and toward the center of the disk.

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:

	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-15oD CP(Hoop vs Disk)

	Problem:
Problem:  A hoop and solid disk both have a mass of 5.0 kg and are 1.0 m in diameter.  If both objects start at rest and roll down an inclined plane 10 m long that is at an angle of 20˚ with the horizontal, (a) which one reaches the bottom first?   (b) What are their linear speeds at the bottom of the incline?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:

	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-151A CP(Merry-Go-Round)

	Problem:
Problem: A merry-go-round is a solid, uniform disk of radius 3 m and mass of 150 kg that rotates through an axis through its middle.  Two children apply a force of 150 N each tangent to the disk and in the same direction of rotation for a period of 10 s.  (a) What is the acceleration of the merry-go-round?  (b) Through what angle has the disk turned in the 10 s if it started at rest?  (c) If the children stop pushing on the disk, which then stops on its own after 30 additional seconds, what frictional force would cause this to occur?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-151B CP(Merry-Go-Round 2)

	Problem:
Problem: A merry-go-round is a common piece of playground equipment.  A 3.0 m-diameter merry-go-round with a mass of 250 kg is spinning at 20 rpm.  John runs tangent to the merry-go-round at 5. m/s, in the same direction that it is turning, and jumps onto the outer edge.  John’s mass is 30 kg.  What is the merry-go-round’s angular velocity, in rpm, after John jumps on?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-152A CP(Opening a Door)

	Problem:
Problem: A solid door has a mass of 40 kg, is 2 m tall and is 0.90 m in width.  (a) What is the rotational inertia of the door?  (b) If the door knob is located 5 cm from the edge of the door and you pull on the door knob with a force of 50 N (always pulling perpendicular to the door), what is the angular acceleration of the door as it opens?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-152B CP(Opening a Door 2)

	Problem:
Problem: The uniform door to a bank vault is 2.0 m high and 1.0 m wide and is supported by frictionless hinges.  To determine the door's mass, a person pushes against its free end with a constant force of 250 N always directed perpendicularly to its plane and finds that 1.5 s is needed to turn the door through 90˚.  What is the door's mass?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-153A CP(Rotary Encoder Platter)

	Problem:  The main platter on the rotary encoder has a mass of 342 g with a radius of 5.0 cm.

If a force of 1.50 N is applied tangential to the massless  pulley attached to the platter, (a) what is the angular acceleration of the platter.  (b) If the platter started from rest and was subjected to this force for 5 seconds, what is the angular velocity of the platter after the 5 seconds?   Assume the main platter is a solid disk.

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-153B CP(Rotating Mass)

	Problem:  A small object with mass 1.30 kg is mounted on one end of a rod 0.780 m long and of negligible mass.  The system rotates in a horizontal circle about the other end of the rod at 5010 rev/min.  (a) Calculate the rotational inertia of the system about the axis of rotation.  (b) Air resistance exerts a force of 2.30 x 10-2 N on the object, directed opposite its direction of motion.  What torque must be applied to the system to keep it rotating at constant speed?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-154A CP(Angular Momentum I)

	Problem:  A uniform rod rotates in a horizontal plane about a vertical axis through one end.  The rod is 6.0 m long, weighs 10.0 N and rotates at 240 rev/min clockwise when seen from above.  Calculate (a) the rotational inertia of the rod about the axis of rotation and (b) the angular momentum of the rod.

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-154B CP(Angular Momentum 2)

	Problem:  A man stands on a frictionless platform that is rotating with an angular speed of 1.2 rev/s; his arms are out-stretched and he holds a weight in each hand.  With his hands in this position the rotational inertia of the system of man, weights, and platform is 6.0 kgm2.  If by moving the weights the man decreases the rotational inertia of the system to 2.0 kgm, (a) what is the resulting angular speed of the platform and (b) what is the ratio of the new kinetic energy of the system to the original kinetic energy?  (c) What provided the added kinetic energy?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-154C CP(Angular Momentum 3)

	Problem:  A 45 kg figure skater is spinning on the toes of her skates at 1.5 rpm.  Her arms are outstretched as far as they will go.  In this orientation, the skater can be modeled as a cylindrical torso (40 kg, 20 cm average diameter, 168 cm tall) plus two rod-like arms (2.5 kg each, 78 cm long) that each rotate about an axis through the inner end of the rod.  The skater then raises her arms straight above her head, where she appears to be a 45 kg, 20 cm-diameter, 200 cm tall cylinder.  What is her new rotation frequency, in revolutions per second?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-154D CP(Angular Momentum 4)

	Problem:  Two masses, m1 and m2, are connected by a light cord that passes over a pulley of radius R and moment of inertia I about  its axle (the horizontal atwood machine).  The mass m2 slides on a frictionless, horizontal surface.  Determine the acceleration of the two masses using the concepts of angular momentum and torque.

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-155A CP(Platform)

	Problem:  A horizontal platform in the shape of a circular disk rotates on a frictionless bearing about a vertical axle through the center of the disk.  The platform has a mass of 150 kg, a radius of 2.0 m, and a rotational inertia fo 300 kgm2 about the axis of rotation.  A 60 kg student walks slowly from the rim of the platform toward the center.  If the angular speed of the system is 1.5 rad/s when the student starts at the rim, what is the angular speed when she is 0.50 m from the center?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?


	


MRPS - Rotational Motion-155B CP(Phonograph Record)

	Problem:  A phonograph record of mass 0.10 kg and radius 0.10 m rotates about a vertical axis through its center with an angular speed of 4.7 rad/s.  The rotational inertia of the record about its axis of rotation is 5.0 x 10-4 kgms.  A wad of putty of mass 0.020 kg drops vertically onto the record from above and sticks to the edge of the record.  What is the angular speed of the record immediately after the putty sticks to it?

	(A)  Pictorial Representation
____  Sketch

____  Coordinate Axis

____  Symbols for known quantities

____  Symbol(s) for unknown(s)

List of Known/Unknown Quantities:


	

	(B)  Physical Representation
____  Object Description

____  Motion Diagram

____  Free-Body Diagram


	

	(C)  Math Representation
         and Solution


	

	(D)  Evaluation
____  Does the sign of the answer agree?                           ____  Is the magnitude reasonable?

____  Is the unit of the answer correct?
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