Problem 1: Hammer mechanism

A hammer mill consists of a uniform disk of radius r with moment of inertia I4 hinged at point A and a
hammer with moment of inertia Iz that is hinged at a distance ! from the disk. The disk rotates initially
with an angular velocity w; until its thumb C' hits the shaft of the hammer. The coeflicient of restitution
of this impact is a known value e. The hammer is at rest before the impact. You may assume that the
thumb C is of negligible mass and dimension. Neglect gravity.

Given: I4, I, 7,1, e, wq

1. Determine the angular velocity of the disk and hammer immediately after the impact.

For the next task, assume that the angular velocity of the disk and hammer immediately after the impact

are given by w1y = % and wey = 97, respectively, and that Ip/I4 = 12/r2,

2. Determine the dissipated (lost) energy.
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Problem 2: The decisive shot

A soccer ball of mass m and moment of inertia I4 hits a rough goalpost centrical with initial velocity vy
under an angle a to the goal line, with a known coefficient of restitution e. Assume that the goalpost is
immovable and rigid. Gravity acts perpendicular to the plane, as indicated. Assume that the ball sticks

to the rough goalpost during the collision. goalpost

Given: I4, m, r, a, e, v .
Ulven: 14, , Ty &y €, Vo, g goalhne

What is the minimum required initial spin (i.e., the minimum initial angular velocity wp) of the ball to
cross the goal line (assuming that it eventually crosses the goal line if it is deflected by some angle greater
than «)?
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Problem 5: Active and passive rotations

Let v € R3 be a vector, whose components measured in a frame C with fixed Cartesian basis {e?, eg, eg} =

{e1, e, e3}, are
1
[v]e = (1) . (40)
1

Consider a second orthonormal frame M, defined by the following base vectors:

M 1 (1 M 1 (! M 0
[e1’]lc = NG 1, [€2"]c = NG -1], les’le=( 0 |. (41)
0 0 -1

1. What are the components of v in frame M, i.e., what is [v]y?

2. A new vector u is obtained by rotating the given vector v by 7/2 about the ef-axis, then by /4
about the e5-axis, and then again by 7/2 about the ef!-axis. What are the components of u in
the M-frame? Is u equal to v?
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