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1. [108] A bar (mass per unit length m(x), flexural stiffness EI(x), length L) in
flexural vibration is free at both ends x=0 and x=L.

(a) Prove the orthogonality of the natural modes with respect to m(x) without
solving the eigenvalue problem.

(b) Obtain the characteristic equation for a uniform beam by solving the
eigenvalue problem.

2. [104] Consider a uniform thin rod (axial stiffness = EA, mass per unit length
= m) fixed at one end x=0 and free at the other end x=L.

(a) Derive the expressions for the natural modes and frequencies of the axial
vibration of the rod.

(b) Obtain the response of the rod subjected to a constant force Fy at the
boundary x=L.

3. [108] A uniform rectangular membrane (tension 7, mass per unit area p)
occupies the area 0<x<a, 0<y<b. The edges at x=0 and at x=a are fixed
and the edges at y=0 and y=b are free.

(a) Write the differential equation of the transverse vibration and boundary
conditions.

(b,c) Express the natural frequencies and mode shapes.
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2. [674] Holzer's methodE AF&35}%, shaftE 7719 field= st 679
stationS A A3t transfer matrix® T-3}1 overall transfer matrixE -3t}
(matrix &4 A4 532 Q)

3. [65] Rayleigh’s energy methodE A}-&3¢] fundamental frequencyE 7 3}2}.
(A& At EZ29)

4. [64] Rayleigh-Ritz method& A}-8-3F%], 270132 seriesE A A 3sFo] algebraic

eigenvalue problem®] mass coefficient®} stiffness coefficient® t3stegh. (H &

A =H Q)

5. [63] FEM< AF&3}5, shaftE 3709 sectionally-constant element® % &3}
o] 7} element®] mass matrix®} stiffness matrixE® -3}, assemblyES =319
global mass matrix®} stiffness matrixE T-35}2}.



