
Q MTH 352/652
Spring 2025
Exam 2
02/19/25

This exam contains 9 pages (including this cover page) and 9 problems. Check to see if any pages
are missing. Enter all requested information on the top of this page. and put your initials on the
top of every page. in case the pages become separated.

The following rules apply:

• If you use a “fundamental theorem” you
must indicate this and explain why t lie t lieorem
may be applied.

• Organize your work. in a reasonably neat and
coherent way. iii the space provided Work scat
tered all over the page wit hout a clear ordering
will receive very hitt]e credit.

• Short answer questions: Questions labeled as
“Short Answer” can he answered by simply writ
iirg an equation or a sentence or appropriately
drawing a figure. No calculations are necessary or
expected for these problems

• Unless the question is specified as short an
swer, mysterious or unsupported answers
might not receive full credit. An incorrect
answer supported liv substantially correct calcii—
lations arid explanations might still receive partial
credit.

Do not write in the table to the right.

Problem Points Score

15

2 10

3 5

4 15

5 10

6 10

7 10

8 1.5

9 10

Total: 100

Name (Print):
/
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dx
=

(a) (5 points) On the graph. circle t 1FF i—coordinate of any fixed points.

(b) (10 points) Sketch the solution curves to tlus (lificrential equation on the set of axes pro
vided below. Be sule to plot (LUFF gil curves to ihiustrare the full behavior of the sstem.
Hint: At a mininuuii. tins is five curves.

0

0

1. 15 points) Conside[ the differential equation

where f(x) is plotted below

0

f(x)

1

—1.5

—2

—3

x(t)

t
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2. (10 points) Find the solution to the following partial differential equation on the domain s C R
and t 0:

on
— = ucos(t).
at

(x. 0) = f(x).
\vllere f(i) is an arbitrary smooth function.

die
t=çU j-ç C05(S)clS

—L(4= 5L,[±)
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3. (5 points) Short Answer: Classify the following differential equations as either homogenous
linear. inhornogeneous linear, or nonlinear. Just check the appropriate box, no work needs to
be shown.

(a) u + uzt = 0

D Homogenous Linear

D lnhornogenous Linear

“NonIinear

(b) cos(t)u1 + sin(x)u1 = 0

J’Homogenous Linear

Inhomogenous Linear

D Nonlinear

(c) u + = sin(u)

LI Hornogenous Linear
LI Inhornogenous Linear

0
(d) u = it + sin(x)

LI Hoinogenous Linear
lnhomogenous Linear

Nonlinear

(e) Ut + uu1 = 0

LI Homogenous Linear
Inhomogenous Linear

Nonlinea r

0
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4. (15 points) Suppose u(s. t) solves the following initial value problem:

= UJEt.

u(r. 0) f(.r).

where fCc) is plot ted belox\-.

f(x)

—3 —2 —1 (b) 1 2 3
x

(a) (5 points) Short Answer: At points (a), (b) . and (c) indicate on the figure whet her
a (x, t is increasing or decreasing iii time at t 0

LW) Incre,qs;
Cc.) Decrcasny

(h) (5 points) Short Answr: Given that f(s) 0 and f(s) dv = (1 t) v what

is lin a(r. t) for all s c IR.

I- u(x,*)O

(c) (5 points) Short Answer: Given that f(s) > 0 and J f(s) dx = (1
what

is lim f n(s.t)dx.

I5u(4x Lt÷C)
let-O0
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5. (10 points) Consider the following partial differential equation on Q
rnt1 + bu 0,

where a, b 6 ilt By changing variables to X = ax -i- by arid Y = bi — ay. show that if a. b 0
then this equation can be expressed in the form:

‘ç =0

Let

L

_ _

X xaZ axèZ z
L

__ __

4 aybr e/eZ bt
Tk etc6rc,

—C4O&+uy’ Z(&toIout+trZttjLflL)r

=t (at+j)
0= vz=o.

C
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6. (10 points) Short Answer: Suppose u(x. t) solves the following initial value problem:

t/t0+OUrrt/rrrx.1 c.t>0
0(1. 0

\vliere 6 > 0 is a coast ant Using Fourier transforms. write down an initial value problem
satisfied by tI(k. t). Be sure to include the initial conditions satisfied at ü(/. 0). Do not solve
this equation!

O= DasU+tte

7. (10 points) Given that

r H -Hi 1k 4(1 — 3P2)
C j (1 + k2)3

calculate F [ (k).

____

=

_____

t 211) 3C aX

=r. tc+u..; —21cu4a
111c2,cLI(!
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8. (1.5 points) Suppose that o(.r. t) is Schwartz class fnnction that satisfies the following partial
differetir ial ecju.at ion on

—

(a) (5 points) Show that the total mass ilI(t)
=

u(x, t)dx is constant in time.

jJ udxr5u*clx

— I.
—

—

=0

(b) (10 points) Slnnv that the total energy E(t)
= J u (x. t)2d is decreasing in time.

0

Li

z—2.(

=

o.

0
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X(t)

.1
u(i. 0)

1 + r

If u(a. t) is a solution to this PDE. (olilpilte

u (a’) liiti u(a. t)
t-nc

f’bO=

o x
54. 1j±X<O

9. (10 points) The figure below is a plot of the characteristic en
problenL

itt + c(a)u = 0

rves for the following initial value

—1

_____


