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1. Solutions for ordinary differential equations (ODEs) (25%)
(a) Find the solution for the ODE &’°(dr +3rd @) = 0

(3%)
(b) Find the solution for the ODE 3"+ 16y =4sint, »(=0,3(0)=1 (10%)
(c) Find a basis of solutions by the Frobenius method of the following ODE:
xX*y"+x(2x =1y +(x+1)y=0. (10%)
2. Series solution and Linear algebra (25%) éﬁ
() For a general Legendre equation (1=x7)y"—2x" +n(n+1) y =0 Please derive the 4
recursion relation. (7%) and use power series method to solve it as n=1. (8%) %
(b) Please use Cramer’s rule to evaluate 4, and B, of the following equations (10%})
(25-n*)4, +0.05nB, = f
n'm
~0.05n4, + (25— nz)B,_i = /

3. Laplace transform / Fourier analysis (25%)
(1) Fourier series expansion of a periodic function (or signal) f{r) can be represented as

f=2+ Z @, COS nW,t + Zb" sin nwt ,

n=l n=l

where 4, =%J.f(l‘)df, a, = %J.f(t)cosna)ordt, and b, =%J-f(t) sinnetdt
T T T
(i} (6%) Give the physical meaning of “4 and @, .

(ii) (8%) If now g;(¢) is an even function, please address and rewrite its Fourier serics

expansion; likewise, if g»(2) is an odd function, what does the form of its Fourier series
expansion become?

(2) If a measured temperature can be chafacterized as a square wave of amplitude 20 U and
period T = 6 sec,
(i) (3%) please first sketch the time waveform of measured temperature stated as the

above in the form of an even function or an odd fanction (Time in second: -o0 <> );
(i) (8%) then, derive its Fourier series expansion (till the first six terms).
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4, Programming (25%)
(a)(10%) A right triangle can have sides that are all integers. A set of three integer values for

the sides of a right triangle is called a Pythagorean triple. These three sides must satisfy the
relationship that the sum of the squares of two of the sides is equal to the square of the
hypotenuse. Write a program that shows all Pythagorean triples for sidel, side2 and
hypotenuse all no larger than 500. Use a triple-nested loop that tries all possibilities. The
code is limit to C, C++, Visual Basic or Fortran programing language, and please state

before your answer. All variables declare to integers.

(b)(15%) Write a program that estimates the value of the mathematical constant e by using the

formula:

1 1 1
e=14+—4+—+—+
m 2t 3

Using this formula, write a function that accepts the value of » as the number of terms in
the summation from a calling function. The return value of this function should be the
value of e. The code is limit to C, C++, Visual Basic or Fortran programing language,
and please state before your answer. The variables declare to real numbers except for 7 as

integer.




