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1. (10 %) Given the second-order O.D.E. : + 4Q +4y =0

(@) (5747) Find the general solution of the differential equation.
() (5 43) If the initial conditions y(0) =2 and 2| =0 are given,
x=0

determine the particular solution.

2. (15 %) Solve the following differential equations:

(@ (543) Flndf 2+1)2

®) (54%) Solve i—2—+2y 0

(©) (543) Solve y2% +{dy}2+1_0

3. (15 %) Given a free vibration system, its governing equation: my’’ + cy' +

ky = 0, where m, ¢ & k are constants. Find all possible solutions.

4. (10 %) Solve the following equations:

(a) (543) Find the inverse Laplace transform of o 1)2+4

S+1 }
(s?2+1)(s%2+45+13)

(b) (54%) Find £71§

5. (15 4% ) Consider a set of functions { 1, x, 3x* —1} on the interval —1<x<1.

(a) (5 %) Show that this is an orthogonal set over the interval [-1, 1] with

respect to a unit weight that is the weight function 1.
(b) (10 % )Approximate sin(zx/2) on (=1, 1) byalinear combination of the

functions in the set in the sense of least squares.
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6. (20 %) Consider x(f)=Ax(z), where A =[_13 _13]
(a) (5% ) Let A=VDV™', where D is a diagonal matrix. Find V.
(b) (5% ) Determine the definiteness of the quadratic form, x' Ax.
(c) (5% ) Evaluate e* that is the matrix exponential of A.
(d (5 %) Given x(0)= [1 O]T, find the state response x(¢f) by trying a
vector solution of the form: x(r)=&e*’, where & is a constant vector, and

A 1s a constant scalar.

7. (15 %) The temperature T at a point (x, y, z) in space is described by
T(x, y, z)=2x" =2xy+2y* + 2%
(a) (5 %) Inwhich direction from (2, 1, 1) does the temperature 7 decrease most
rapidly?
(b) (5 %) In which directions from (2, 1, 1) does the temperature T remain
constant? Be sure to describe all these directions.

(¢) (5 %) Evaluate LTds on C defined by x=cost, y=sint, and z=1

for ¢ starting from 0 to 7/2. Note that ds = \/ (dx)’ + (dy)* + (dz)*.



