MAT 341 — Applied Real Analysis
FALL 2015

Midterm 1 — October 1, 2015

SOLUTIONS

NAME:

Please turn off your cell phone and put it away. You are NOT allowed to use a
calculator.

Please show your work! To receive full credit, you must explain your reasoning and
neatly write the steps which led you to your final answer. If you need extra space, you
can use the other side of each page.

Academic integrity is expected of all students of Stony Brook University at all times,
whether in the presence or absence of members of the faculty.
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TOTAL




Problem 1: (25 points) Consider the function
—z if -2<2<0
r if 0<z<2,

fx) = flz+4) = f(z).

Find the Fourier series for f. Determine whether the series converges uniformly or not. To
what value does the Fourier series converge at x = 20157

SOLUTION. Notice that f is even, so we can use the half-formulas when computing the
Fourier coefficients. The Fourier series is just a cosine series of the form

f(z) = cuﬁ—iancos (?) :

1 [? ? —1)" -1
We have ay = 5/ f(z)dx =1 and a, = / x oS <@> dx = 4L (using the
0

0 2 n2m?
formula at the end of the booklet). The Fourier series is

flz) = 1+Z4%COS <n_72rx)
n=1

The function is continuous, with piecewise continuous derivative, so the Fourier series con-
verges uniformly everywhere. This can be seen also from the coefficients as

o0

= 4 SR|(=1)m =1 _ 8 1
Z|an|:§ZT§p ol
n=1 n=1

n=1

which converges. At x = 2015, the Fourier series converges to f(2015) = f(2016 — 1) =
f(—=1) = 1. We have used the fact that f is periodic of period 4. O



[e.e]

Problem 2: (25 points) Suppose that the Fourier series of f(z)is f(z) = Z e 31" cos (nr).

a)

b)

What is the Fourier series of 1 — 2f(x)? =
SOLUTION. .
1—-2f(x)=1-2 Z e 31 cos (nrx)
n=1
U
What is the Fourier series of F'(x / f(y) dy?
SOLUTION.
x Cauin 0 e—341n ‘
= Z e cos (nmy) dy = Z sin (nmx)
0 n=1 n=1 nm
U

Find the Fourier series of f”(z) if it exists. Otherwise, explain why it does not exist.

SOLUTION.

o0
=— Z n*m?e " cos (nmx) .
n=1

This series converges uniformly because Z In?a,| = 72 Z =3 < 00 (which converges

by the integral test). Notice also that the denomlnator is a polynomial, while the
nominator is an exponential, hence the series converges. 0

What is the period of f?7 Can f have jump discontinuities or is it a continuous function?

SoLUTION. The Fourier series is periodic of period 2, hence f is periodic of period 2.
The function is continuous (by part ¢) we already know that f is twice differentiable,
hence f is continuous). 0J



Problem 3: (25 points) Consider the partial differential equation

9%u du  10u

v gt _ % 9, t
o7 o ko S rsE 120

with boundary conditions

u(0,t) =Ty, u(2,t) =0, t>0

and initial condition u(z,0) = f(z), 0 <z < 2. (S and T} are positive constants.)

a)

Find the steady-state solution v(z). What is the ODE that v(x) satisfies?

SOLUTION. The steady-state solution verifies the equation v”(z) — Sv'(x) = 0, with
boundary conditions v(0) = Ty and v(2) = 0. The characteristic equation is r>—Sr = 0
and has roots r = S and 7 = 0. The solution is v(z) = C; + Coe®. We find the
coefficients from the boundary conditions. We have C; + Cy = Ty and C; + Che?® = 0.
Hence C; = g;o%sl and Cy = —6250_1 and

B T0€2S TOGSI
vl() = 25 -1 51

State the initial value-boundary value problem satisfied by the transient solution
w(z,t). You are NOT asked to solve this problem.

SOLUTION. By definition w(z,t) = u(z,t) — v(z). Using the equations for u from the
hypothesis and for v from part a) we find
Pw  1ow
or2  kot’
w(0,t) =0, w(2,t)=0, t>0;
w(z,0) = f(x) —v(z), 0<z<2

O<xr<2, t>0;

where v(x) is the steady-state solution from part a). O



Problem 4: (25 points) Solve the heat problem
P _1ou
or2 40t
w(0,6) =0, u(l)=p, t>0

O<zx<l1l, t>0;

u(m,O):ﬁx%—Sin(%), 0<z<1.

SOLUTION. We first find the steady-state solution v(z) = fz. As shown in the lecture, the
transient solution w(x,t) verifies the PDE

9*w _1ow
oxr2 40t
w(0,t) =0, w(l,t)=0, t>0;

O<zx<l, t>0;

w(z,0) = sin (%), 0<z<1.

and the solution of this PDE is given by

[o.¢]
2.2
g Cnsin(nmrx)e T

n=1

1
e
Cp = 2/ sin(nmz) sin dzx.
A ( 2 )

Note that these are not orthogonal functions! These functions have different periods: sin(nmx)
has period 2, while sm( ) has per1od 4. We compute the integral, using the formulas at

the end of the booklet and find ¢, = (_1 "8 i 2 . The solution to the given PDE is

where

— (-8 20
u(z,t) = Br + Z ﬁ sin(nrx)e L,
n=1



Some useful formulas & trigonometric identities:

cos(ax x sin(ax
(az) | wsin(az)

dx =

/ @ cos{az) dr = =5 40

[ sinfar) s - Sole) _ zesles)
a a

cos((a — b)z) — cos((a + b)x)

sin(az) sin(bz) = 5

sin((a — b)x) + sin((a + b)z)
2

sin(az) cos(bx) =

cos((a — b)x) + cos((a + b)x)

cos(ax) cos(bx) = 5

cos(a £+ b) = cos(a) cos(b) F sin(a) sin(b)
sin(a + b) = sin(a) cos(b) % cos(a) sin(b)

1-— 2 1 2
sin2(a) = —Cgs( a) COSQ(CL) = 1+ cos(aa) Cgs( a)




