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I Solve the following ODEs. ]

(a) (3y —2)dx + 4xdy = 0 (5%)

b) y'=2y+y=x-2 (5%)

© x*y"'—xy'+y=x% (x>0) (5%)

2.(10%) Sketch the given curve. Guess what its orthogonal trajectories may look like. Find its orthogonal

trajectories.
y=+x+c

3.(10%) Find the solution of the initial value problem (IVP) by using the Laplace transform. y"" + 7y’ +
Ry=ult—1D+86t—-2), y(0)=0, y'(0)=1

4.(15%) Find the transient motion of the mass—spring system modeled by the ODE in Figure 1, where
m=1,c=2,k=2andr(t) =10sin(2t) if0<t<mandr(t) =0ift >m.

Figure 1.

5. (20%) Consider the one-dimensional heat problem modeled by a long metal bar as the figure shown
below. The bar is perfectly insulated laterally so that heat flows in the x-direction only. Suppose the
initial temperature in the bar at time t = 0 is f(x). Please derive the solution by using separation of]

variables and Fourier series.

Keptat 0’ Keptat 0

\

x=L

Figure 2. Bar under consideration.
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[Hint: One-dimensional Heat equation: 6_1: = i 2—1:
X

B.C.:u(0,t) = 0,u(L,t) =0 forallt = 0.
LG emle0) = () ]
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6. (15%) Suppose F = [x,y?,2%],S is the surface of the box |x] < 3, |y| < 2,|z| < 1.
Evaluate the surface integral | fs F - ndA by the divergence theorem of Gauss.

7. Given a periodic function f(z) =7 — |z|, -7 < z < 7.
(a) Find the Fourier series of f(x).  (10%)

. 1 1
(b) Find the sum 0f—1-5+i+-— L coe (5%)
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