Dynamics Qualifying Exam — 2006

WORK ALL 5 PROBLEMS.

Problem 1

A rigid cylinder of mass m, radius R and length L rolls without slip on one of its circular
edges. Its axis of symmetry is inclined at the constant angle 6, and its mass center main-
tains a constant position on the vertical axis shown. Find the angular rate ¢ about the
vertical axis for a given inclination angle #. Mass moments of inertia about G: mR?/2,
m(R?*/4 + h?/12).

Problem 2

A rectangular plate is supported along its upper edge by a hinge so that # represents the
angle of rotation about the hinge from the vertical position. The horizontal rod about
which the plate is hinged rotates in the horizontal plane with constant angular velocity €.
The center of the plate is a distance d from the vertical axis of rotation when the plate is
hanging straight down. The plate has mass m, width b, height h, and mass moments of
inertia mh?/12 and mb?/12 about its mass center. Find:

(a) an equation of motion governing 6(t),

(b) all constant solutions (6(t) = constant) of the equation of motion, and

(c) which of the constant solutions of the equation of motion are stable.
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Problem 3

A uniform disk of mass M and radius R has a point mass m attached to it as shown.
Assuming that the disk rolls without slip, find the maximum speed at which the disk can
roll without hopping off the surface.
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Problem 4

A disk of radius » and mass m rolls without slipping on a block of mass M. The concave
upper surface of the block has radius (R + r). There is no friction between the block and
the horizontal surface upon which it slides. Find the equations of motion for the system
and the natural frequencies for small motions of the system.
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