MATH 450 Advanced Mathematics for Engineers I Fall 2006

Review Sheet #1 for Midterm Exam

Problem 1. Determine whether the following statements are True or False. Justify your answer.

(a) If y1(z) and y2(x) are two solutions of
y'+2y +y=0, =x€l0L],

then y(z) = ayi(z) + By2(z), o, B € R is the general solution of the equation.
(b) siniz = sinhx
(c) coshix = cosz

(d) For any complex valued function w(z), w(z) = w(z)

(e) The power series Y n_—+11 2"+ converges to In(1 — x), for x € [-1,1)
(f) |e®*| =1 for all z € R

(g) If z = x + iy, then |e*| = €

(h) Let
%az if —m<ae<?2

fz) =

2 if 2<x<m.

The Fourier series ag + >, (an cos nx + by, sinnx), with

1 s 1 s ™
a0 = 5 (x)dz, ap, = — f(z) cosnx dz, and b, = — f(z) sinnzx dz,
T™J-xm -7 —7

converges to f(z) for all x € [—m, 7).

(i) The function f(x) = x* + cos 37z can be written as f(z) = f.(x) + f,(x), where f.(x) is even,
and f,(x) is odd.

() If f(x) is odd, then f'(z) is also odd
Problem 2. Use the method of undetermined coefficients to obtain the general solution of
(a) ¥ +y = 3sin2x — 5 + 222
(b) y" =2y +y=2a’e"
Problem 3. In section 4.2 we saw how to find a power series solution for second order linear ODEs
of the form y” + p(z)y’ + q(x)y = 0. Consider the equation
J:Qy" —y =0, To = 2.

(a) Identify p(z) and ¢(x). Explain.
(b) Seek a power series solution around zg.
(c) Write your solution as the linear combination of two solutions y;(z) and y2(z).

(d) Show that y;(z) and ya2(z) are linearly independent.



Problem 4. Find the Fourier series of f(z) = |z|, x € [—7, 7].

Problem 5. Consider the function

-1 if ze€[-m0]
fz) =

1 if ze (0,7
(a) Find its Fourier series.
(b) To what value does the series converge at x = 07
Problem 6. Consider the function f(z) =2+ x on the interval z € [0, 3].
(a) Find an odd periodic extension, fez:(z) = fest(x + L), with period L = 6.
(b) Draw the graph of fe.:(z) and label the lines of (anti)symmetry of the graph.

(c) Find the coeflicients of a Fourier series that converges to fezt(z).

Problem 7. Consider the Stum-Liouville problem
y'+ Ay =0, y'(-1)=0, y'(1)=0.

(a) Identify p(z), ¢(z), w(z), o, B, 7, and 4.
(b) Find its eigen pairs (A, ¢n(x)).
(c) Find the coefficients a,, of the expansion f(z) = 7 an¢n(x) for the function

0 if ze[-1,0]

fz) =
1 if x€(0,1].

Problem 8. Use the method of separation of variables to solve the heat equation, u; = oy, with
boundary conditions u(0,¢) = 25 and uz(4,¢) = 0, and initial conditions u(z,0) = f(z) = 25.



