Mechanics Spring 2003 - Test 4

I have to grade these, so your solution will be well presented just in case I spent the entire week dealing with UPII
students whining about points.

Problem 4.1 The Kat (my youngest daughter) is well modelled as a rigid rod of length ¢ and mass 1myq. She jumps
on a playground toy that slides horizontally. The playground slider has mass M. Kat pivots about the point she
holds the slider. Write the equations of motion (Using the Lagrange formalism) for the location of the slider X and

ma

. 2 .
the angle at which Kat hangs 6. The moment of inertia of a rigid rod about its center 1s =3 where a is the length
of the rod. You do not need to solve the equations of motion.

Problem 4.2 The system below has two masses each of mass m and a drum with moment of inertia (about its
center) of I. There is a torsion spring connected to the axis of the drum that restores the drum to its equilibrium
location # = 0. The potential energy of the drum/torsion spring combination is %Ft‘)g where T is a constant. The
drum is connected to a mass m through a spring with spring constant K. That mass is connected to another mass m
by a massless cord of constant length over a massless pulley. Gravity acts downward on the second mass. The first
mass moves only in the x direction, so its location can be described by the gencralized coordinate x. The system is
in equilibrinm when ¢ = 0 and 2 = 0. Compute the equations of motion of the system. Bonus: Ignoring the constant
term. write the matrix whose determinant would have to be zero to find the normal frequencies of the system.

torsion spring

pulley

Problem 4.3 This problem does not require the Lagrangian method. A billiard ball is struck with an impulsive force
directed parallel to the flat horizontal surface on which the ball sits. A linear momentum of Ap = pyi is transferred
to the ball at a point 3/4 of the height of the ball, as drawn. The table is rough (felted in fact) and has a coefficient
of kinetic friction, ps. You may assume the balls slips while it rolls. Write the trajectory of the ball (z(t) and 6(t))
as a function of time while the ball is slipping.

impulse

Fake Bonus Problem What is the color of Jon Hubbard’s dad’s dump truck?
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