Problem 1: Vibration in a fluid

A uniform slender bar of mass density p, length L, width b, and out-of-plane thickness ¢ is hinged at its
tip, and swings in a fluid. The viscous fluid applies a pressure p(z) to the bar, which is proportional to
the velocity v(x) of the bar with a proportionality factor ¢ (thus acting like many distributed dampers
onto the bar). Consider small vibrations about # = 0. Gravity acts downwards, as shown.

Given: p, L, b, t, ¢, p(z) = cv(z), |0(t)| < 1, g

1. What is the equation of motion of the vibrating bar?

2. What is the period of vibration of the bar (assuming low damping)?
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Problem 2: Rotating bar-particle system I

A rod of negligible mass and length 4L rotates about its midpoint O with a constant angular velocity (2.
The cross-sectional area of the bar is A, its Young’s modulus is E. Two particles of equal masses m are
attached to the bar at distances L from the the hinge O, as shown below. Neglect gravity.

Given: m, L, A, E, Q

What is the elongation AL at the tip on each side of the bar?
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Problem 3: Vibration of a free-clamped torsional shaft

Consider a slender elastic torsional shaft of length L, shear modulus G, mass density p, and polar moment
of inertia J. The shaft is clamped at x = L and is free to rotate along its axis at x = 0, as shown below.
Denote by 0(x,t) the twist angle of the cross-section at position z along the shaft at time ¢. Neglect
gravity.

Given: p, G, L, J
0(x)
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What is the general solution 6(z, t) for free vibrations of the shaft? What is its fundamental frequency wy?
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