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1. (15%) Solve the Differential Equation:
(x+ye®)dx + (xe”)dy = 0, y(1)=0
(Hint: Is this an exact differential equation?)

2. (20%) Laplace Transform
(a) (12%) Solve the following differential equation by Laplace Transform and Inverse Laplace

Transform
¥ +2p +10y=¢"" sint; y(0)=0, y'(0)=1
(b) (8%) Let ff)=t and g(#)=cos ¢. Find the convolution of fand g (i.e., f*g)

3. (25%) Matrices and Linear Systems
1 2 -1 60 1 1
=13 4 2 |B’=[1 0 1} find(AB)"

0 1 -2 -2 3 2
(b) (10%) Solve the following linear system by using Gauss-Jordon elimination:

{ Xy — X, +x3=4%

(@) (5%) Given A~

3x1 + 2x2 + xg = 2
4x, +2x, +2x;=18
Please show step-by-step operations; otherwise, no points will be given.

314 0
(¢) (5%)Find Rank(A),A=|1 0 1 -2

2 1 3 2
(d) (5%) Find matrix A representing the linear transformation that maps (x1, x2) onto (2x1-5x,

3x; +4X2)

4. (25%) Eigen value and matrix diagonization
A finite state machine (FSM) has two states: state S1 and state S2. Let Prob(S1->S2) denote the
probability that the machine moves from state S1 to state S2 in a cycle. Assume that the state
transition probabilities are fixed in every cycle: Prob(S1->S1)=0.3, Prob(S1>52)=0.7,
Prob(SZ%Sl)=0.6 Prob(S2-»S2)=0.4. Initially, the: FSM is in state S1 at cycle 0.

(a) (5%) Give a matrix A representmg the state transition probabilities.
(b) (5%) At the end of the second cycle, what is the probability that the FSM is in state S1? What is

the probability that the FSM is in state S27?
(c) (15%) At the end of the 1000th cycle, what is the probability that the FSM is in state S1? What is

the probability that the FSM is in state S27
(Hint: You need to convert A to a diagonal matrix)
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5. (15%) Fourier Series

Find the Fourier series of the function j(x)={—”: '(; ii i; 0, and f{(x+4)= f(x).
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