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AP Physics 1
Falling Mass on Rotating Disk

2015 – 2016 1

1 Background

The above f igure shows a uniform disk, with mass M and radius R, mounted on a fixed horizontal
axle. A block with mass m hangs from a massless cord that is wrapped around the rim of the
disk. A typical problem, such as this, asks one to calculate the angular acceleration of the disk,
the acceleration of the falling mass, the tension in the rope, the torque on the disk, and the time it
takes for the falling mass to hit the ground.

In one-dimensional dynamics, we only focused on the falling mass, drawing a free-body diagram
and determining the forces acting on it. In rotational dynamics, however, we must also take into
account the rotation of the disk. So in this lab we will expand our focus to include both the falling
mass, using our knowledge of Newton’s Laws for objects treated as particles, and the rotating disk,
developing Newton’s Laws to account for objects rotating about a fixed axis.
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2 Key Ideas
First, taking the block as a system, we can relate its acceleration a to the forces acting on it with
Newton’s Second Law

F = ma (1)

Second, taking the disk as a system, we can relate its angular acceleration α to the torque τ acting
on it with Newton’s Second Law for Rotation

τ = Iα (2)

Third, to combine the motions of the block and disk, we use the fact that the linear acceleration at
of the disk rim are equal

α = at (3)

Fourth, we will assume that the moment of inertia of our rotating disk is

I =
1
2

MR2 (4)

3 Objective
Students will, using Newton’s Second of Rotation and their knowledge of dynamics, predict the
time it takes for the falling mass to hit the ground for two different radii and two different masses.
Students will then verify their predictions experimentally and calculate the percent difference bew-
teen the two times. All student data will be recorded in the data table provided.
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Set-Up

First, draw a free-body diagram of the falling block attached to the disk.

Second, measure the mass of the disk.

Third, measure the radius for two different radii.

Fourth, measure the mass of two different blocks.

Fifth, calculate the tension in the string.

Sixth, calculate the torque.

Seventh, calculate the angular acceleration.

Eighth, measure the distance from the center of the disk to the ground.

Ninth, calculate and predict the time it takes for the falling mass to hit the ground.

Tenth, experimentally verify the time it takes for the falling mass to hit the ground.

Eleventh, calculate the percent di f f erence between the calculated/predicted acceleration and the
experimental acceleration.

Twelfth, submit formal lab report on Monday, April 11, 2016 according to the following rubric.
N.B.: This is your last formal lab report of the year.
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Grading Rubric
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Data Table


