1) 2D. A uniform disk (mass M, radius r) rolls without slip on level ground. Handing from it’s center C is a
pendulum (with mass m, moment of inertia / about it’s COM, and distance d from C to the pendulum’s COM at
G ). Answer all questions in terms of x, X, 6, 9, i,7,é,,é,,M,m,r,d and I, or an appropriate simplified subset of
these.

(1) Write 2 scalar equations from which one could solve for X and 6.

(2) For small motions near x = 0 and § = 0 write the equations in standard vibration form, finding the
components of the matrices M and K.

(3) By any means find just one normal mode: give the value of w, the components of v, and describe the
mode in words.
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2) Consider the one-D arrangement of three unequal masses and three unequal springs shown. Write Matlab code
that would

plot the deflection (from equilibrium) of the first mass as a function of time.

Pick non-trivial numerical values for all variables (that is, do not pick variables that especially simplify the
problem).

e The initial deflections of the masses are given as X = [111]".

e The initial velocities are zero.
Use techniques from vibrations (i.e., not ode23 or Euler’s method).

As much as possible, have Matlab do the calculations (i.e., don’t try to find normal modes by hand
calculations or intuition).

e You can assume that none of the normal modes have w = 0.
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3) 1D. Two unequal masses are connected to each other, and nothing else, by one linear spring. Find and describe
as many normal modes as you can. That is, clearly give the mode shapes and frequencies in terms of m, m, and
k. As always, clearly justify your results.
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