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Problem 1. Key Concepts (35 Pts: 5 each)

A.

B.

What are principal coordinates? Please use both mathematics and physics/engineering to
explain its characteristics.

In class, we have briefly explained the orthogonality between mode shapes (i.e., eigenvectors).
Based on such a property, a series of mathematical operation could be performed to achieve
subsequent computational analysis of vibration. Please try to use your words to explain such an
aspect.
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. Would you please use your words to outline the solution procedure of Lagrange equation
approach for vibrational analysis?
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D. Please state the working principle of shear damper ' &_shunt piezo damper (see below). * i+ & damper $*-—
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Problem 3. MDOF Vibration (20 Pts)

Please find the stiffness matrix (10 Pts) and flexibility matrix (10 Pts) of the following system. You
are asked to find both of them by the method described in class (not just find one of them and then
perform matrix inverse). If you just inverse one matrix to obtain the other one, that part would have

no credits.
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Problem 4. Lagrange’s Equation (16 Pts)
Consider the system shown below. The light (mass could be neglected) rigid rod supporting the
particle mass m; is pivoted at p so that it is free to rotate in a vertical plane under the action of

gravity. The bead of mass m; is free to slide along the smooth rod under the action of gravity and
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the spring. The unstretched length of the spring is /p. Please use ri, r2, and @ as the generalized
coordinate to answer the following questions.

(a) Please find the kinetic and potential energies of the system. (8 Pts)

(b) Please find the equation of the system. (8 Pts)
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Problem 5. Continuous Vibrations (25 Pts)
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B. Consider the bar shown below. Please find its corresponding frequency equation. (12 Pts)

C. The cord of a musical instrument is fixed at both ends and has a length 2 m, diameter 0.5 mm, and density 7800

Kg/m?. Find the tension required in order to have a fundamental frequency of 1 Hz. (8 Pts)



