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1. Find the transient current if
R=6Q L=1H,C=004 F, E=600(cos t+4sint) V;

(L, R, C, E, are measured in henrys, ohms, farads, volts, respectively.)

Initial current and charge are assumed to be zero. (10%)
C
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2. Consider a general nonhomogeneous linear ODE

Y4 p ()Y +p )Y+ + p ()Y + py(x)y =r(x)

The particular solution y,(x)can be solved by the method of vanation of
parameters. That 1s,

p, (@)= 33,0 [ 1)

W(x)

r(x)dx

(Where the y,'s are n linearly independent homogeneous solutions. W 1s the

Wronskian of y,,...., y,,and Wy is identical to W, but with the kth column

replaced by a column of zeros-except for the bottom element, which is 1.)

Try to solve the following equation using the method of variation of parameters.

ym+%x—2yf__§_x—3y=9x5/2 (10%)
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3. Solve the following equation by Laplace Transform method.
y+y=f(t), y0)=3,

0 0<t< 0
where f(t) ={ ﬂ. (10%)
2C0St t 2>

4. Find the basis of solutions y(x) of the following differential equation. Show the
details of your work.

x"+2x+ 1)y +(x+1)y=0. (10%)

5. Find a unit vector normal to surface S given by cos(xy)=¢* -1
at the point (1, 7,0). (10%)

6. Let F=(x-y)it+ (y-z)j+ (z-x)k. Evaluate the surface integral of F
over the unit sphere defined by x* + y*+ z°=1. (10%)

7. Define the Fourier transform of f(x) to be f (w) = _\/__;:__ r f(x)e™ dx .
7:- -0

. , ja-|x|  x|a
(a) [5%] Calculate the Fourier transform of f(x) =

0 , otherwise
(b) [5%] Consider the one-dimensional diffusion equation:
0 0’

—u(x,t)=D
ot (1) Ox*

with the initial condition %(x,0)= f(x). Use the Fourier transform to show that the

u(x,t) for —co<x <o

solution of the diffusion equation takes the form u(x,t) = EDK (x—=&,0)f(E)dE.

Find K(x-£&,t), which 1s called the kemnel.

2

[Hint: Gaussian integral f exp| —= de = V270 ]

205°
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8. (a) [5%] Find and classify all local maxima, local minima and saddles for
f(x,y,z)=exp(2x® + xz — 52°).

(b) [5%)] Consider a forced vibration system which is described by the equations

d’x .
y - +2x, — x, = Asin(wt)
d; , where 4, B, and w are constant.
X .
y 2 — x, +2x, = Bsin(w?)
[

To seek a particular solution, we assume x,(¢) = g, sin(@¢) and x,(f) =g, sin(@?).

Find g, and g¢,.

9. Along the circumference of the circle r =5 a solution T'(r,6) of Laplace’s
equation is required to take on the value 7, when 0<6@ <7z and the value -1,

when 7 <8 <2x. Determine an expression for 7 valid when r > b. (Show the
details of your work.)

1o or, 10T
ViT — 12%
[ =5 r( )5 g7 ] (12%)

10. (complex analysis) Prove the following identity

sin"lz+cos"lz=-;—(4n+1)7r, n=0*x1,%£2,--- (8%)



