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1.(33 pts.) Use Fourier transform methods to solve
u—u, +tu=0 for —co<x<o, 0<t<oo,
u(x,0)=f(x) for —oo<x<oo.
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2.(33 pts.) (a) State (without
the diffusion equation.

(b) Show that solutions to the wave equation need not satisfy a maximum principle.

(c) Use the weak maximum/minimum principle to show that there is at most one solution to the
Poisson equation with Dirichlet boundary conditions:

w—ku,=f(x,t) for O<x<I, O<tgT,
u(x,0)=¢(x) for 0<x<I,
u(0,£)=g() and u(L,t)=h(t) for 0<t<T.

providing a proof) the weak maximum/minimum principle for solutions to

Lo—

" (4,) jot‘ u:u(;‘le)&a.u%‘ ob u'&—kuxx-:o dn R:{(x,e)-. o<x4|_)o<t ST}
ad Ut Lo cmlmmw o R ={(’v¢)z 05"51-,’5‘557}, T B migcimim
MWW% w o R e ablaned o R R) ie MM“% (t=o)
V4% WAOWW(A-:ONX':L) .

i (‘5) u(x,t):,;:.\(ﬂk)aé.(mx) hﬂwﬂpmtzmiw ”’te"“m"o —

R,={Q‘,t): 0<x<d, 0<4=<l} 0h 4o M&«wwﬁ={("i¢): Osxilloféfl}

/g(t W=0 on ﬁ\R kit hmw%%uw Eb “’(Ji"}.)

.

=1.
(e Amm WU 606) 8k = (5) pode Ao proklin) sic gt @) andl e contiaons
‘) ow E:{é“{;); 0.‘.')(‘.“-, oﬁb‘."r} ) J{“‘/ wxt)= qlﬁﬁ)—uz(x’é) MGS
woky =0 R ={ty: o<x<L,o.<¢s'r} ok &> conoscoss) me R . Terefone
w(x0)= o fs«'v pexsl, awd W(°,£)=o=w(l-,é) jn ©$bLT. Tlarefore
W=0 ew E‘R,/ 4“& Lt'foe&wwww(*;é)=o j"vﬁ'e&(’sﬁjm E) ie
W e) = u (< &) ﬂat &QQ. &, t) an R .




\/\

24

33

3.(33 pts.) Use energy methods to show that there is at most one solution to the Poisson equation
with Neumann boundary conditions:

—ku, =f(xt) for O<x<L, 0<t<oo,
u(x,0)=¢(x) for 0<x<IL,
u,(0,0)=g(t) and u,(L,t)=h(t) for 0<t<oo,
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Bonus. (33 pts.) (a) Use Fourler transform methods to show that, under appropriate hypotheses, a

. solutlon to the Poisson m1t1a1 Value problem:

LU, ku = f(x,1) vfor’-—‘oo<.x<"oo,0<t<oo,
u(x,0)= ¢(x) for —o<x<oo,
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- (b) Use the formula in part (a) to solve the Po:sson initial value probfem W1th ¢(x) 0*and
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A Brief Table of Fourier Transforms

f (x)

1 if -b < x < b,
0 otherwise.

1 if ¢ < x < 4,
0 otherwise.

(a > 0)

X if 0 < x = b,
2b - x if b < x < 2b,
0 . otherwisge.

e if x > 0,
0 otherwise.
(a > 0)
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{
{ e?* if b < x < c(
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0 otherwise.
etd¥ if -b < x < b,
0 otherwise.
elaXx if ¢ < x < d,
0 otherwise.
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{ 0 if 1€ = a,
{n/2 if 1€] < a.



