MATH 445 Mid-Term Exam 2
Wednesday, April 20, 2022

Instructor — S. Lototsky (KAP 248D; x0-2389; lototsky@usc.edu)

Name:
Instructions:

e No notes, no books or other printed materials (including printouts from the
web), and no calculators.
e Answer all questions, show your work (when appropriate), upload solutions
to Gradescope.
e There are five problems; each problem is worth 10 points.
Problem 1. Let f(z) = 2?, |z| < 1. Denote by Sy(x) the sum of the Fourier series of f. Draw
the graph of Sf/f\or x € [—4,4] and evaluate (a) S¢(4) (b) Sf(5/2).
{ 5‘(9c):§£(x+z) => 5*“&(4):53@)_—0
/\/ — Splx) = txle !, Se (S7z) :Ag,a(’/z) = 4
Problem 2. The Fourier transform of the function f(z) = e */? is f(w) = e /2. Compute
the Fourier transform of the function g(z) = ze . peed FT of Li(z)= e ~ x*

N ) | _w%
L\(OC):VQ(JET_} = E(Q\Cﬁp('x/\rz‘> 1(5_8 /'

g )= x-l(ﬂ:) => j(u = M /u)
_(LU/ZJ_K_)Q

Problem 3. Use separation of variables to find a non-constant solution u = u(¢, x) of the equa-

tlonut—uum defined Lor £ < and 7c> 1, U = L) gex) "p/f: ﬂzjz fj/
\'/

= g = =95 ’f - _/'_ _ )+ |
7' = J- AJ«»/ => wvilbx) - A
Problem 4. Solve the following initial value problem:
u—2u, = 0, u=u(t,z), t>0, zeR,
u(0,2) = sinux.

w4 x) = Sin(x+2t)
Problem 5. Solve the following initial-boundary value problem:

iy, uw=u(t,x), t >0, x€(0,m),
sin(2z) — 3sin(bx
0,
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Properties of the Fourier series and transform

Series Name Transform
+00
- [ st Forward f) == [ s
= — x)e x rwar W)= —— x)e x
27 J_ . V2T
+oo
1 A .
St(x) = kzzoo cr(f)e® Inverse I(z) = Nor / fw)e ™ dw
s R —+o00
colf) = \/%/7r f(x) dz Obvious 7(0) = \/127/00 f(x) dz
io () = 57(0) = J(04) +7(0-) Obvious /m F(w) dw = I;(0)
k=—o00 ) ! 2 2m !
_ fOH)+f(0-)
2
|k1|iinC>c> lex(f)] =0 Riemann-Lebesgue: f € L; ‘ 1‘131 |f(w)| =0, f continuous

/_Wlf ) da

Parseval/Plancherel: f € Lo

oo +00
/\f(w)dez / f(2)]? da

Further properties of the Fourier transform

Function Fourier transform Function Fourier transform
f(x) flw)=Flflw) | f() f(—w)
flx—a) —aw f(w) s f () flw—a)
flz/o) o f(ow) e/ e/
f'(z) iw f(w) zf(x) if'(w)
f"(x) —w? f(w) z? f () —f"(x)
/f(m) dx fl(:) f(;) - /f(w) dw
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(e < 1) VEEL NERERSY
Jo(z) e~ /\on cos(az) 772(80(w) —|—<5_a(w)>




