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Pulley Problems

We will often see problems where a hanging mass is used to rotate a wheel.   

The wheel is rotating so we will study the torques acting on the wheel, whereas
the hanging mass is moving linearly so we will study the forces acting on it.

Apply Newton’s second law to the wheel and the hanging mass.

What do the wheel and mass have in common?

What substitution will be helpful in this type of problem?

Examples

1. A wheel of mass 2.00 kg, radius 30.0 cm, and rotational inertia 0.090 kgm2 is mounted to a horizontal axle.  A light cord wrapped around the wheel supports a 500-gram lead ball.  The ball is released from rest and descends 3.2 m before hitting the ground.

a. Determine the tension in the cord.

b. What is the acceleration of the ball as it descends?

c. What is the linear speed of the ball when it lands?

d. What is the angular speed of the wheel when the ball lands?

2. A solid cylindrical pulley of mass 3 kg and radius R is used to draw water from a well.  A bucket of mass 2 kg is attached to a cord that is wrapped around the cylinder.  If the bucket starts from rest at the top of the well and falls for 3 s before hitting the water, how far does it fall?
Conservation of Energy
· As usual, we will set initial energy equal to final energy.

· If an object starts higher than its later position, it will have potential energy to start.  For falling shapes, we will note how far its center of mass descends.

· If an object is spinning, it will have rotational kinetic energy.

· If the axis an object is rotating around is moving linearly, it will have translational kinetic energy.

· If a wheel rolls without slipping, the bottom of the wheel is always at rest instantaneously. Therefore vcom = 

Pure Rotation



Pure Translation


Pure Rolling


Examples

1. A ball of mass M and radius R starts from rest at a height of 2 m and rolls without slipping down a 30( slope.

a. What is the linear speed of the ball at the bottom of the hill?

b. Would a hoop of the same mass and radius reach the same speed at the bottom of the hill?

2. A uniform rod of length L and mass M is free to rotate on a frictionless pin passing through one end.  The rod is released from rest in the horizontal position.

a. What is the rod’s angular speed when it reaches its lowest position?

b. Determine the linear speed of the end of the rod when it is at its lowest position.

3. Solve #1c from the other side using conservation of energy instead.

