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1. (15%)

(1) Solve x3p"+xy'—y=0.

(2) Solve (y—xy/x2+y2)dx+(x—y\x2+y2)dy=0.
=1/s2+1 and p(0)=1, y'(0)=0:

use Laplace transform to solve ¢y"+3'+¢y=0.

(15%) Knowing L[J, ()] =

(10%)
(1) Write the 3 x 3 matrix of the geometric transformation representing the z-axis counterclockwise
rotation (i.e., the axis of rotation perpendicular to the x-y plane).

(2) Find the eigenvalues and eigenvectors of this 3 x 3 transformation matrix.

Consider an elastic string of length Z, fixed at its ends on the x axis at x=0 and x=L. Its displacement
function satisfies:

2
g c’af for: (%< 1% 1> 0p
o’ ax”

y(x,0)= f(x) for 0<x<L,
@i(x,o):g(x) for 0<x<L.

(1) (8%) For zero initial velocity, which of the functions listed below gives the correct disptacement?
(Justification of your answer is required to get credit.)
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2) (6%) For zero initial velocity and f(x) = 95sin 9% , determine the displacement function.
I 2

(3) (6%) For zero initial displacement and g(x) =95 sm(éL ] the displacement is

95 37rxj . (377:5‘1‘
sin
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(4) (5%) For zero initial velocity and f(x) = H(x—% L)- H(x—?L) , sketch y(x, 6£) .
c

y(x,0)= ) . What is the displacement if f(x) = g(x) =95 sin[EZ—xJ?

(5) (5%) Following (4), sketch y(x, EL_)
c
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5. (15%) Write down the answers to the following questions. (Derivations are not required.)
(1) Let ¥(r,8)=cosf/r2. Evaluate the line integral 4 ¥ n dl{ overacircle C of radius 2 centered at
: s

the origin. (n denotes unit vector normal to the contour of the circle C.)

(2) Let @(r,8) satisfy the 2-D Laplace equation (i.e. V2@ =0); and & =cos? 6 —sin? a,
8@ /dr = 2cos(26) along the contour of a unit circular disk S.  Evaluate the surface integral

J-'[ V& V@ d4 over the circular disk S. y
s

(I,
\9s/

(3) Let F=— o il 4 = be a 2-D vector field. Evaluzte C{ F-dr overa closed contour C
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6. (15%)Let z=x+iy denote the complex variable, Z=x-iy the complex conjugate of z, and f(z) a
complex function. Answer the following questions. (Derivations are not required.)

Z
(1) Evaluate (E’. ———dz overC: |z{=1.
2= (if2) i
(2) Let f(z) be analytic on the upper-haif of z-plane and |7 (z)| = 0 as |z = 0. If on the real axis,
f(z) takes the form % , find the function f(z).
x

<hint>: Apply Cauchy integral formula.

. i R=-+00
(3) If the Laurent series expansion of f(z) = m about z=-1 isdenoted by Z a,(z+1)n,
n=—c0
n=-+0
find Zan =7
n=-—c0




