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1. (16%) Solve the following ordinary differential equation (O.D.E.),

(D*+D+1)y(t)=sins, with an initial condition (1.C.), y(0)=1, Dy(0)=0, where D denotes
d

Z

2. (17%) Solve the following partial differential equation, which is a Laplace
equation, V¢ = 0, in a rectangular domain with boundary conditions, #=0aty =0,

¢=1 aty =b, and ? =0 atx =0, and ¢=0 at x =a. (hint: Laplace Equation
x

2 2
6€+af=0)
ox* dy

is

$=0

3. (16%) Find the Fourier series of the periodic sawtooth function,
f@O=t+1 f —w<t<m,and f@+27)= f().
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4. (17%) Write the differential equations of a vibration system, as follows. Use matrix

form to express the system equations as X = AX, and calculate the eigenvalues and

x
eigenvectors of matrix A, if m;=2, my=1, k=4, k=2, where X =( l), and

X, )

. (dzx, /dt*

=\ g2x. /d 2). Can you illustrate the natural frequencies and the mode shapes of
x,/dt

this vibration system?
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5. (18%) Consider that a block of temperature T is placed in a room with a fixed
constant room temperature T, . The temperature of the block is a function of time, 7(#).

The O.D.E.of Tis _a_g: =—k(T —T.), where k=0.1 and T,=25°C.

(i) What is the steady-state temperature of the block?

(ii) Solve the problem with an initial temperature, T{0)=60 °C.

(iii) Solve the problem with another initial temperature, 7(0)=0°C.
Plot the two temperatures versus time, and compare the two solutions.

6. (16%) Using the Laplace transform, solve the following linear O.D.E. with I.C.
Y'+5y +6y=u(t—1)+(t —2),(0) = 0,y'(0) = 0. where u(¢)is a unit step
function, and &t) is a delta function. Here y' =dy/dt,and y"=d’y/dt*.



