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1. (30%) Use Laplace transform to solve the following second order differential equation

Eﬁ+af=u, x=20

with initial values £(0) = fo, L2 = f;
(@) (20%)Assume a =—a% <0 and u=0,f; =1, f; = 2. Determine f(x),x = 0.
(b) (10%) Assume a = w? >0 and u = sin(wx), fo = 0, f; = 0. Determine f(x),x = 0.

2. (20%) Consider the boundary-value problem of the following fourth order differential equation

———B* =0, 0<x<1

where f is a parameter to be determined.
(a) (10%) Show that the general form of the solution is
f(x) = Acos(Bx) + B sin(8x) + C cosh(fx) + D sinh(Bx)
(b) (10%) Determine the possible B’s and corresponding non-zero solutions when the boundary
values are F(0) = 0, f(1) = 0, L = 9, £LD _ ¢,

dx? dx?

3. (35%) Consider a rigid body with 2-DOF (degree-of-freedom) rotational motion whose mass moment of

I -1 -
I= [—I’;y I:y] - [—62 32]

(@) (25%) Please find the principal mass moments of inertia (eigenvalues of I) and principal axes

inertia matrix is given by

(eigenvectors of I).

(b) (10%) Now there is an applied torque givenby t =[3 —5]. Suppose that the unit vectors of the
principal axes are e; and e,. Please represent the applied torque T using the coordinate formed
by the principal axes. That is, for t = ae; + be,, please find a and b.

4. (15%) Please answer the following questions.
(a) (10%) Please explain Fourier seties and Fourier transform. You can use examples to help you on
answering this question.
(b) (5%) Please describe a practical example that utilizes either Fourier series or Fourier transform.




