1. Consider the partial difterential equation {1}
0*u 232u W W
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This equation can be used to model vibrations of a string for positive time ¢, where z is
horizontal position along along the string, u(x,t) is the vertical displacement of the string
at position z and time ¢, and ¢ is a parameter that depends on the material from which the
string is constructed.

(a) In one complete sentence, give a physical interpretation for the boundary conditions
u(0,t) =0, u(L,t) = 0.
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b) In complete sentences, give a physical interpretation for the initial conditions u{z,0) =
g .
f(z) and u,(z,0) = g(z). Assume f(z) and g(z) are prescribed functions.

Lhe arnlict olefleclion at x le Fix ),
b e diod veloccly at x ieg(x).

i
(c) Verify by substitution that u(z, ) = sin (?_g_{) cos i?) satisfies the PDE, as well as

the boundary conditions in Problem (la) for n = 1,2,3,.... (DO NOT DERIVE
THE SOLUTIONS; ONLY VERIFY BY SUBSTITUTION.)

-~ enT YT cnTTE 2 e
Uee = ( "Z,"_) Sthm—'[_)‘_( e S = 7 Uxx
wlo, Y= sm (o) cos C:%;?.t:c)

(/L(L—;‘t)“: Sim(hﬂ') wSszbt'D/ ""‘:’/:1,3..

. ad . {nrx en®mt , — s
(d) Does the supersposition u(x,t) = ) _ e, sin (T) cos | —73 satisfy the PDE? Does
ne=1 <.
it satisfy the boundary conditions in Problem (la)? ve a full explanation for your

answers in one complete sentence. (You do not need to mention convergence of the
series; assume the series converges appropriately.)
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Z. 3olve
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3. Solve

ou Fu
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t_fe > U<z <y, > 0,

w(0,8) =T, u(2,t) =1, t>0,
u(z,0) = f(z), 0<z<2

Uuix, )= Vi, )+ PIx)

vp = K Vi + WU 00N Ky — o
V0o €1+ POI=T, PO =T, Y a)= Ty
Viz £) ¢ Pl =T, _
VX, o)+ P = £0x) = axtlb
- | Wlo)=b =T,
e - ﬁ_&"\\“\ -
) \/t = VK < \ \’FCX\ — O\X-FT'
[ Vviegy=o, v t)=o \ Wiy = a2 +T =T, =
't..\\ Vix, o)= ¥r )q — \F(x-) ///) C= Ty- T{
\Em-—*_uﬂn_ﬁ_ e " , _ i S
! Poa= szqu»fT]
=

‘FVUW\ \/‘O‘V\O{OU'!’ geu\—b\v\% 1 v~ LP
Kb Sevies Lo Vi)

B -—;) e

Ty -7, ' Wi X
Wix, €)= ( o x+ T + 2 G, Sin 5~ €

3450:439/539-001, Test 3, Spring 2008, The University of Akron, Dr. Laura K. Gross



4, Solve the following boundary-value problem using the method ot Fourler transtorm.

82u 82 ‘ ki
=1 —00 < T < 00, O<y¢1f"""”’“}'m’“"'

5‘:E2 ,
WW )=0, u(@1) = f(@), —o<z<oo —LLlpf //”*u

Sketch the problem domain. Show clearly what facts and conditions you use to treat
boundary terms when you integrate by parts. Present the solution as a convolution
integral. Express inverse transform(s) in integral form.
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a. Bolve

ou_ (10
ot or:  ror
1i1’(!)1+ lu(r, t)] < oo, u(l,t) =0, t >0,

u(r,0) = f(r), 0<r<l  Tauree Sreae)

Sketch the problem domain. Note this problem can model heat conduction on a disk of radius
1 in which the heat conduction has no angular dependence but depends only on distance
from the center. Assume that the eigenvalue problem has only nonzero eigenvalues
and that the eigenvalues all have the same sign. When you solve the eigenvalue
problem, show how you apply the boundary conditions.
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