Math 451 Midterm Exam
Due Friday, March 28, 2008

Please provide enough details of your work so that I can follow your reasoning. Without
details, I cannot assign partial credit.

1. (20 points) Page 204 of Logan text, Problem 6.

2. (10 points) Assume that k(z,t),d(z,t) are given functions that are sufficiently smooth.
Show that the operator

Lu = uy — (k(z, t)ug), + d(z, t)u
is a linear operator.
3. (10 points) Determine whether the following PDE is linear or nonlinear.

2 .
Uy + U° = 8IN T,
4. (a) (10 points) Determine regions of the zt-plane where the following equation is

hyperbolic, parabolic or elliptic.

Ly + Uze = Oa

(b) (10 points) Determine regions of the xt-plane where the following equation is
hyperbolic, parabolic or elliptic.

ug + (1 + 25)ug — up = €,

5. (10 points) Page 175 of Logan text, Problem 2b.
6. (10 points) Page 184 of Logan text, Problem 1d.

7. (20 points) Page 346 of Logan text, Problem 5. Hint: This problem is stating that
any function u that is only a function of the radius-variable explicitly must satisfy
that equation. That is, any function of only r (so that the 6 variable doesn’t appear
explicitly in the function expression for u) is a solution of the PDE.



Yhﬁ‘% s i "S'Prw\,‘j OQ
M dtewim LX&W\. #]
'Pﬁ_‘j& CQ«O(IJ Problen. (0o

O m m,,{ m Pl
J(U‘)"J ’,Dcx)%(XJ] + «Ex)fam'l oLx

&t
N(g)) j \rcx)@acm] Tdx =

| W heie PiyY be/tum Sunctions 0w gmﬁ*&(bh-b,

go\n: Dakine H:?U\;,\u\‘ fw(;ec{a,é'.?a-ui “ﬁr;(ﬁif{;{’i‘*) =0 ;i:-.',zz
Joh e e wi) 0 &nab\m

%Li L0y = :‘SLNH}. %5 an)
WE gD = \\)(uawh +Ch)

Ld‘ glv_&h Jol wmn«-{—kmﬂgv Y %4'\,\}%\ =
Saois (Oo\wo\%\ca&v,wl‘bv%- -—-p\;?.\

o

M@rg M2 L nest o

PARCE Y oUW 0,0y
TOLI

<, T ad
9_%( ) D Wl oy
e ot aEr Be (2

U(_D)bﬁ = \ (2D



Mo = 9 Qe = ST (nbk)
e e %

(opy

Z =0

|

: 9
a - [ g [reotgeen - oy one T

5

- %Q?(%)[é’(»)}{l‘(x} + a{b(x)ita(x_)-&\-wéx) A
é’\mﬂuh\}
S

' 5
é_; () = 83(\‘6)%{) s S ?(x)a'(x)-fx;_lx) &% tgx%mwﬂ Ix
2E, e

i ha&,’vﬁ J

s
; IS o = Sw (VS,}‘\‘} = Q\g V(Mia-ix)\n\(x)éx
v > )
ol .
@L_Q_iogm = 5\&(\3}%‘,} = S (X »%cxﬂm;m'é»
ag—;, s

Mo Q@@Qxf\ﬂj (-‘\E{ ), wﬁ,m

S
N % P AeOuh |, dx =D X (o) e H
(}GL\) j&,?w)é bk C&( )3\-\1 % % 2 0
5 "
LZ&‘J ); 'P()qé;h; g 7)()( L;"._;Eﬂl'l + Nvx) 'é\r\—;_ QA% =0 )e[’ (@}MC\E:H,

/Clp?i% T2 3 L) %. uat B LS ﬂ;d"\s“ﬁ@."aﬁ “a‘ij
a'\.o las



©

L
—J l: CPU)V)§ %’xi +'\VL><)):1 \\,\ (Y- A% = D )"Z “g\ G‘-CGW 1

AN

Sy FLev. i prelde W 1P,

- (_Pmé')é L am = 2roan =0
Ore
s (me%’)" T 400N = =200 g
9
L’b(c\} - \.»S{.Jo")‘?-c::; :
.

ND{"L : (2-&3 CT\( \"G/J "{"{-w\ < Gttt },3\ J&‘M’Q %“L
LD(”Q A pact 89 M 4’41?‘9 22 ;‘? e .

<
b

%
S r(.y\Céc“xf'{l dx =1

do.



AW Maﬂ%l—%pvm) el e

) | TS Bz Clbtlin. ) R D RN
1 TR N VR R SN R S

e u A M@ B
(L) )_(u +w) ~ (Lur Lo)£ (*&.lx,ﬂ (1) } b doee (M*-J)

| —— L R a&tam ux-&)J _' S

- [ 2o ] e doce o

N TS VTS -*.Gc_(x,ﬂuy)x a .(.‘éfx,tmk)y,__f_-_.d.{.x,t)..a...ﬁ-d..{x,f)_._sqf_..

[ l *G’a(x,{:)u, ) - d%t)bu7 L&) = (‘&(k;t)wxj it d(xﬂw

g au)rc% (-u-a (cb,(_f')ﬁx[ A e
 ellmidEr ) cai
_-;_fc';ﬂ;;; e G c;.g_cg.m_ BT

- C [u - %:th)u ) & d(x,-t)u] = .C_.,..L(b_e)
g L =l Lan-e_wf Orma,ﬂ'be,




F etk ysi ~Spring 02 -
A/LIJ'{'U:M GX&U‘M = #'g

| (@ Dd‘wmm_, whp‘l‘hr%?‘)l— il LJM&.;/ O(Z.Nan’,q%

i 31- B - st

} ;5 ©x

Ld Liske = Qud NoTE Yhat L s

‘ O, NOhhn% (BPMM“ZW_, kf'{\.u-w )C(_ 1S a.,.consfmf‘

h - G"""i hiSo ‘ﬁ'/m.c«'f\m e e

{ bl o o (cu,)z'

L = o Lally i O o

% : :-c)/m; +au.""7 200 1Cz>ra~l( c=] |

i %H’LCQ L— JS O MQ#\'W\L&A" OPMRJ'D/\., W%

' \PN: (s Nonlineaz.




W MoeH Ys | = SPhase OF

@ ,(D!.-hwm‘m.p hudio.ns s TE X"""dpu\-(__ robeo o 60”0»0;-.3

gLwe oaa HL«MJZ@ o Eilishc
0] Bk I

@_ﬁ_ﬂ%i— M'xx Sl

U=t o blutlzo o Clutl=l]

BEita e o Ol = L)

Eay o thmlao){u :;Qv e ool Lol

(/
pr‘ao’if- :)cw £=0 4 4

i (RS

E’“}I’>ﬁ‘(__,_ :ﬂDV + o

£%

G

kbl =y =g
% i = 7 :

Alxtizl, bOuel=0o, (rvti=p

leo for atd st

EC(I)V\.ES (—{)(.uxnlnnl:( ‘IQIC oLl X;'t‘-




©

. N Ys] — Sphus 08 :
ﬂMd‘hwm E_)(am_ = Bo

@ _'FMJ ¢ xtvema | B\JU e, jﬁuhcﬁ\mmi_ e e
| - b e St R
r SL—@ = \g__%?w (2’)2"1- 255 ol w

o

L e e S EIE Y

Hl = )_u\.{-l_e_x ; o= e
. d J

4 4 ST
- sl.{ s -
by e e PTG S U e |
s >
e v(\)" = e e
- u = = = = o

e i r=* | =
Wix)=¢, e’y €6 e S
MuDCs i L) = Axe = 4

o Ty Bl Lot = Ae® ( xay)
o Exy - A NS P*‘KQ-K = Aﬂ-?\_____(x -*‘“2:,)

L Bbminels oy T houe
A2 /%‘}{‘;vm.

= — ( : J {i\){ ®)= C‘_Q. i c-;m_'e' % Z__XQ_’ SRz
e




LMah Ys ) = szw ng
/V\ cHLt/m Exam = #,
..pﬁf"}& &4 ; Numbeor 1d.
O tind C’X]Lb’t,mg{ 66\:"” _ =
J'(As\“ S (ﬁlﬁ + (b&”) il _
bx\\%lﬁeﬁ‘{b,"} ujtm 0 lé(t)) ﬁjtjm“ o ué(u) *{

Lba.utaw.umh ELDE’ f\wm\;ﬁ g U""‘ﬁ‘:} ué“)

Lﬂ: b{) J._ ! ”__L:) - n = 1 d

' e ;‘Lﬂ%\_* _a;si?—tﬁ“} _ "f—-o;'_'___ - (S_u._”(__é@s)iﬁ Jm‘c\}

!Hl

sl o0

_(Ewve), | 5 —0
ﬂ“ “.__Cg_.._
(6 it CB\K"!‘ c.)__. .
_V\.' | —flcs‘ﬂu* € i &

p)(x) Se gy oo 1

..,,EP.W _CDhSJm«J’S : Lj)(xv— /%‘% = P\x kLoD
e 8'()‘7 =3Ax +2Bx +C,
HLWBr=o = D=0 .

o= =

1 e, (X1 = Ay B+ % ..
WNow, W wae, Ha ot froo _%ﬁvf} Chd © =%



12)'{.1\ =4 =230 +2B + =Y

EANS g e ma s s

SA e 5 A +2B =3

Subictine giadg B ~0 |

Oun & i %{MS VA =\

. Hw.a,. U(\BLX}: \,:b ¥ e N ke peol)




)’Vw-&qé"l : ""_STPV"!. N:S ;5;?
/("idjﬂww\ _E‘x«,m - 3
oae 396, Problen- 5

@ Show Lot Y4 . Spane 2L soln %
%L\y - X, = Q :
Yo o 6 sunennd Soluhon. W) =YOE H,j =
LOML,Q, \" . —> ’8_. i/i) DAL CW@{Z}"HL«J *E;L___\{-{.{ :
er‘b SO b’"&‘) 'uufk otk cmne __“\meiuu L{)On@w»«éﬁﬁ
\ X=rete ol = s,

u—.;u_%.'x“ﬁ\, -:u(x(r,@))uj(vta\)) = Wirwse, rewte )
Ll U DS o L"‘WS:""G (BY Chonin Rule)
27

U, brswme) +u,lvese) _(.Bu; s, u L)

o

® ©
é?

(A, = ut{.‘_“u S‘\V\G

(ofe

SU\L.S‘@ .\A‘i‘{f} Q r;i‘:ighb‘j

m@_,_,mmgfu ~. Sine b o Uy Y038
(ose

“ t
W, -~ yooseuy trsineu,

~eDo

U, = coseu, = -‘*“;‘?;Msau%

> Du“@.‘ﬂﬁ (\[‘“f/\_m ey Yo Dde, e haue
O



@

lé,U\ - YU, =0
Yy Sne VCO._QG‘ U - ‘\F S»;n@u@l i Y@S@Xll;u‘gg Ug e aiaﬂgb\;] Vo

i

. b, ?— *
YEinOwSO U, = 2B, ~ Co88Ug = V. EMBLDSB Wy =D

i UQ .—:" @] | 4 |
Uy =D .-Pa.y all v,e

H’ ﬁ,,/m_{l_e_,_f L Prmac—s T oo ’6&,‘1,“{,{;'1‘&‘4‘ Ez) \f—fu_, \‘/V\.Q Lv%}f,/_f«g:mi‘

Vo edl . v Onliy . T pocd culod ket PNS VN
i : 4 : : o i
&)‘"‘i‘:‘“ﬁ;‘:’*ﬁ Y. C.DV.I&HS ELﬁ d&%{;i‘é}ﬂi_ o St v Qwi-{ﬁ
O Lunbion 51 v Ll Satys 1(:« A dns _P@Q,
e O B gy e
Hfmgg,. Y ¥ 0 o Cont sl c{,ubfg,\ua\ %fuw )%\
: % @? 4 J VoA
\{)1 E“?’_ Ve, PAaga. 128 Con OADne .
\A.L‘x;u}\ = \l}(’.x% VSB )
WOaiS U aa bd A o fenha

b Yhe pk.

Blrrrtives o U ’}mmﬁénm AA S bores T
Obcorye. Hnek |
“9 = —rémen, + Cose Uy,

=2 3“): o xu,j

%o,%w- Pde Aediates .
Wity =Xy 20 ¥xq = -u, =D ¥ (v.0)

Rnd e =0 ¥ (v,9) \mPll-.g Llat w1 6"‘["3
O f\,w\_(_f;{am &b et Y ot ;:SJ UL:\)‘( X1+31) oL \P
Oon OALDJ'{‘M&"; ]CiAn.uHam 00D \n. Yo M.a “;‘:;&g".l



L Yat cvattor altivacdioe w .b&%(n. et e :
W= YO&P)  (uthh W suffuetly diffble)
ol C,DWPJQ- _ _
- W'(x‘a&’) N Qi ug = o= “5) ?46

.b"uggl o B S .Ma%ﬁ aﬁu_&

if

La(\\z lx) = (\\J llg}

':‘ 15((5\9 = )—X(ﬁ

= - X4 Yol VOos ;
\9- = Qu,gjb,‘, Q{_g_iﬁj{;{::_s Aot

s~ Xty

e A e RSO

o e —— R

@Hm‘ll'lbkwrbwﬂ wated nebade LQM‘)HMK :
x= Ofeul V2 geid 6 o 9]
. szttﬂ_ : C@Vwﬁbhﬁv\xsg

= e et coneren e — —
Lldos ol Bk F Ve oy Mrfi_(xﬁﬁ ) 2% SR LA G
ol U S5
¥ o et =
e ><1+_9';1'

LU P W% = U o U COSe - Uy VEWMG = U (0SB = Uy S0
Y- > v > T




e
U\g“: CEE J((j L3 u.g &ﬂ

-y : e
=k, 35 ) ouye (1"'(‘%0" x)
= u 2 4 (O} ' -_1....-

S U\V,Y“Sjw:} A \A% X
\)"2.“__\_82-

= uxr.snxn% A" utév"mse«

! e s e A R et R

e S S

%g&ﬁ'iﬁ‘i’uﬁ—im\ %\JA.L nto Ulae= XUy ~o leads B

= 'S (.v;a)
U720 b4 (ri)

\E.O.. Cuw\ {Zwmhan \\"L\gd: V:) Qsm L«. 'Q/wﬁiv\.
\H,u.. a&l«u.} umd\,l‘,\é_ aanel Lo mu%c,\z_.‘«,‘{;&é
f}wfoa\{'k v o Solu 5\ ‘]—f@ ,Pcﬁu_, U



