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1. [15%] Consider the driven mechanical oscillator governed by the differential equation

mE + ¢t + kx = F(t)

where m = 0.4kg,c = 5N — s/m, k = 1400N/m, and let F'(t) is a periodic excitation force

F(t) = 2 O<t<r
| -2 m<t<2r F(t+2m)=F(t)

Find the steady-state oscillation?

2.[15%] (a) Draw a labeled sketch of the graph of the function f(t), where H (t} is a Heaviside
function (unit step function).

(b) Find the Laplace transform of f(t)? f(t) = H(t — m)cos(t)

3. [10%] Solve y(t) in the equation

y=t—9f0ty('r)(t-—'r)d7'

4,[15%] The one dimensional heat equation subject to the given conditions

w(0,t)=0  wu(L,t)=0

w(z, ) = /2 0<z<L/2
Y 0 Lf2<z<n

(a) Write out the differential equation (b) Solve the temperature function u(zx,t) ?
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5.[10%] Solve the differential equation

d2
E—;g+7r2u—1=0 O<z<l

with boundary conditions

6.[10%] Determine a formula for the k£ — ¢th power of the matrix

=07

7.[15%] Find the general solution to the differential equation

dy 2z+y
dr ~ 2y—=z

8.[10%] Find the directional derivative of W = z%y + 2zy® — 2% at (1,2, 3) in the direction
d=1i—27+2k
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