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EX5? (One -~ hmensional wave pauation’) ¢
u » 7] | |
Ly, - £ Ly=0 ) 08k <, .é.?o)
LiCo+) = LU (L,¢)=0 t 20,

Lixe) =Sb) , 0¢ X<g,
Uy (x,0) = aix) |, 0<xey.

U (xE)= position ol the y25m¢u§ &%ug
at the Lime ¢

%:Two ~dimen sional Wav e Qq‘,ualm'o\
~,9<(uxx tUy, ) =0, %) ed, £ >0,
L/(xm,e) =0 , Cx,s)eéb;&w,
'LJCX,\A o) = Syy) , %) e,
L:écx u,0) > 3lx4) , (%,%) C-Bh
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1. Does éKel-e ﬁ.&-_&é o Saludion o;(—z)c

Q Is ‘&AQ SO[u"é»cn m%&g ?

,3 Is -(:lua Seltmé\c»\n& S‘é&\!}[ -‘;qw .tma\[[
(Perw\rbwéwon& <

4. Metlods S Consbrucling  amel
t”uﬁ‘ém‘éw\% SO'P%‘L\OM&Z

%X‘IIQ s The ’Probtems i examples 1-¢
on € u,n;q,we Soluliong

e | WQ FV‘DE&M-& b 'e)CAMPLQ,J’ 7-9
H&¥E not. U\,M%L\e Sol..,.-énov\.s
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Ims MR vl-el% meny Soavénow& “The
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A %ene,\m) £ weaor eg{ua-f:iou O§ &6covx_c1 OV'JM‘
Cown be 'wriﬂen |
4 Olp) Uy, +h b Uy + CleL) Uy +dgt)ul
+ e(x #) Ul + Algt)u e Yge)  (k€)ed

Put | | 0
D) = @)Y - Y ) c0xk).

CWe  sey Lthat (1) .1 8 |
Cellipbic 1% Dot <0 iw D,

Parabekic i§ D)=0 [w D,

hypeRofic i D) >0 inD.
&2: Conxider Eke Lwo climeng onal La@(a.ce

- ea__\,acuéle n

5 Uye +Uyy =0
CHere S DX =&¢?£ Y.4-1 €0 aud bhe
 epmadien ;8 elliplic. |
ﬁ Consider £he heat comduction Qq,u.ml_ic
L= U, =0. S
Hee 18 Dixyw) = O -1)-0 =0 and tRe
eﬂ_\_u.o\-év'ov\ Ky M-q,zo.e:,e,
m'o Consider the one ~kmens.ounal
wWove ea*waul-(@\« .
| Uy~ Uy =0 |
Mure 5 Dixm) = O~41-6€1) =Y >0 and the

bnulnl@l‘)h Vo 2 nhc-KAp.‘n






6. Well-posed Problams (

A Boundory valle proflem i+ el page

) B

?‘-@) therd 1S o SO&A'M\. ~
&) Ehe Selutien ;g 'u,niq_u,e,
(@) the solulion i3 slable.

Exat’ der
— CGnS.”JQV' v o _ o
@) We v+ Uy, SO )~é>o)~a@<x<ao
'Swl;)ecé € the jnidal concidions
-~ @) Nlx,0)=0 ., U/ (xe)=C -~os<Xcoo
The soluben (s uxe)=o ) €20, —eo<x<,
We C_Lmo.nae (2) &ﬁ/&fe 4o
@) Lo =0 UL tx,0) = 46 sin 10"
“Then -Eke solulion o
Lilxt)aZ078singo'x) Sinfflo¥e)
(0 For Zcm—ge, t Sin-?» 10¢ ZeZaweJ’ A&/&O
%ex@:@o“t) ond we 9et o clmmaé—ic_ .
: DD\,AJ«}Q e the solulions with Lhais
- Sooll peclurbakos  of He jnidial doln
m 'B&-Q ?\’O/g&mﬂ /vs ”2—@903960 Lecause




RAL: Tuo boundory valie prblr

‘U‘t ~Lu;x =0 )04k <.Q36 <‘é<-T-;

i Uix,e0): %.(K) ) O<k<y ,

L H0,€)=%), uee)- o) , O <¢<T,
‘Wge.t-é g- & 6[0)0] and %,a QC‘E@)TJ' hae o
unt%ue 2olu Lo tlxt) o the l-eCétnﬂéc
R: Osxsl,02¢<T, |

m 0§ Laky on W Conthuct a Seb G °0C
 MNow assume that Lhore exisd. Al solubio
Uy exe) and Uy (x,¢ of the proble . Tl

} Pa héic_u{azw the wedron W, &) =U, (x¢)- Ul
mus & sa,l-;.sfaa éhe%“kE\/'P e)=th *

Wy ~,2o_w,':x:o y0<X el 0<t<T (1.
Wi(x,6) =¢ ) Oexey 2)
“We ele %‘%2 He on ynlea vel “
E(¢)= §€ szc, ¢) Lx, |
We nole €hat E(QE/O 5 EC0)=0 ayxd
| E'(é) = %e.‘lw W i s df Seww‘,ﬁx&x E
| 9
-.-. [:ziwow; 1L -2s ge(w;)a dx <0

Thus EB(£) <0 M& we concelude &ad E)=0
which means had W (O, 8) =U (5)€) ~Uy(x €) =0
fro e att o condadicdien whiok ey

B ninl.a ~ias & .
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S = a, + z}a Cog DTLX “_'g" +,Q Siw DX "_TQU‘

l ﬁg Let S—(Xb Le\ piecew:se smooél. “Thes
(@ S(x)= S(x+2g) Vx
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--_--[-3S riers metdod (‘Fom—c@,\r 1?58~1830)

Mol sxample:  Solve

wy - ,&uxxz ,o<>‘<<.Q)-é.>O,(1
Hixe) = §9) O<x<d, 2
U(o,t)': “(t)=n, 2>0. (3

 Samamivg g, LheSolowing —QMWS solved)f

L Oxyt) = gk Sln'_e_ e)cf'(- )

& must Be clesen se thaot
Wixo) = s‘cp)-gﬂ. Sin QX

Let €=U (0 simplictiy)

4—3. $) 32Sinx + Y Sin3Xx
<Lhew ele) ao&h 4% ,&1=2 L :O,),szy)‘
£y=R =0
Tkt\t}aluéxoh of tle quth(ph Vs?&zf
Hxg) = 2 Sinx 78t 4 ysingy o TR

Ekﬁ.ﬁ" SAX) 1= i (sinx +és»-«3x +4 cinsyc -

| "’T-'?\% (%) l,w(alg 9(- ~ f= LR 20, 2. :ii

- - Y ~
'&‘ts 0) 4&;-— ﬁ‘}_ )‘eéx-o ) C“C. ~-.

'Ttu; Sol\.ué—\o-s O§ {LLQ mc&’exahph )S
| <o -3
U(K,é) ' (smx 9. 18 n3ix € q‘oaét-iSMSXe
- \__ L 4 @ 1 o' & N —~fan. 4'\2L1L 5
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EXA6; Genern! S6) & CS, @)@
The .S&lwé‘ou Os ouwr — Zaa : =~
mode! example s W m

Lilxy &) = ?&. Sin hx explnth )

-\)JKEYe Tt T
2. = % SHS'“M i x ek = % és,bo)s;‘nnxclx |
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17¢ sowmom oF N'Pum MATHEMATICS
ﬁmWemmpaimmmsomﬁombydeﬁnm;

u(x,0) = T bun(x,1)

, am]
and we choose the constants b,kao that u(x, r) satisfies the initial condition a3

M.Mpgamd»uhﬁmswaﬁnwpmbhmwewuwbeamﬁm
andtoaﬁslythehomo.neoubounduyoondiﬁm ‘

STEPY, To solve (8) we examine three cases: A<0,A=0,and A > 0.
=

@) A<0.HX<0,M!&M!ol\lﬁonol(h)il
X(x) = Acoshy=Xx + Bsinhy=x x

where 4 and B are arbitrary constants. X(0) = 0 implies 4 = 0 and
X(1) = 0 implies B = (. Maetbebonndaryvﬂueproblem(t)
has only the trivial solution if A < 0.

(i) A=0. In this case the general solution of (8a) is X= 4x + B.
Appliaﬁonofthebmmdarycoodiﬁons(Sb)forcaA-B-O.Apin
no nontrivial solutions exist.

@iii) A> 0. Hmtbemalaoluﬁonof(&)fis

X(x) = AsinyAx + BcosyX x
X(0) = 0 forces B = 0. Then X(I) = 0 implies
AsinAl =0

Nowwehavethepouibilityolselgcﬁn;valwof A that will make
thisequationholdwithoutchoodn;A = 0, which would again lead to

| Kl=ne, n=123,... Uk
; x- —ﬁ-' ‘"-1,2,3,‘-- (9)‘

The case n = 0 was the subject of Case (ii) above. Corres ilﬁ
ud\valueofxin(?)thmisinohﬁqno((s);imby
| nwx

X, (x) -'anT, ae=12,... (10) ,

We have chosen the constant 4 in frnat nf tha sin & .« |



L0 - -208) s

azﬁndmad we attempt to

problem (1)—(3) of the form fnd o mm 10 the ocigina W"y -
w0 f:lb.X.(xir.(r)
- Lo e - 2220) (12
The constants 5, re determined from the initial condition (2), which becomes
| (x,0) = f(x) = B bysin =~ (13)
‘ 'e proceed formally. Let ..{s, 8 fixed but arbitrary positive integer. Multiply- | e
g (13) by sin(inwx,T) and integrating the result from 0 1o / gives ‘

| 1, .. mux o ,”-w"" Awx
| /ol(x)m - Exé’f[’ ml T




1. 33 iné"wclucinj polon cocrdinatdes
Xzhcose, Y= hrsine, §ind the %,cnml
solubion of the e_q,ucu&fon

%uj(‘ —xué 2 0.

Ans: us (<% ygY), whese $ is an ath ity
Samction,

iu)he&eam;ne the negions where &he
. Sollowing equobions one K&pembob‘c )
ellipbic or Parabolic )
o) £ U,y *U""“zo L)Ué_*(gtx“)ul: - U, =cosi
c) 'yt tus et d)ul vl = sint.
.' 4) Detesmine whether éhe -ﬁ—cllowiv\g eq,uwé\'orm
ore Linear ot nonlintatw

Y R WS
Q—) e* UZX~X4U:S!‘nf 0\) U:X*LIJ = arwchan X,

2:‘ L/sing the entigy - mebhod pPAove that
the solubions to tha boeunory velue packlen
Uy -RU, =0,0< X< £,0<t<T,
L/(x,0)= §bc) ,0¢x< 4, |
| Ux(0t) 70, Ux (8) =(¥) , 0 <t <T)
Ohe LUmgQuet fes any T2>0,



'''' | i - A nodial lysg"'mm etric solubion 4o she
loploce eq»ta.é'-on Au=0 ,nR3,s a
Solubtrion o{. the -"-o‘l‘.m

| U= Uy |, h= fo+>g‘+x§-‘,
where U gust depends on he cdastonce A
$rom onrigin, Rind: all h.o.d.‘c»ll& symmetiic
soludons o—} Au=D ;. Ra‘. Solve also
 the corresponding Problem in R3,

5:9Find the Founies sesies of 2069=x2on
hine R does tha Founien semier Converge &

L) Use o) o Prove Lhot TU can be
O bwten |

- -1 vi ®oe e
T= 12 (1= G d Lo )
6. Use the Funies mebhod o tolve the
@, ‘Y—ollowiv\a r‘p_oblgm:

~~~~~~ " N a3
? {Ueff C Uxc=0U , 0ex<f, 450,

| uco)t): U(&'&)-‘—O ) '6>b)
* Ux,0) =509, Ly (x0:0,0<x< 2,
Z. Use the Fouticr methed %o solve the
Sollowing ProBlom s
Ug Uy, =0 ,0¢x<l,¢>0,
{UAC‘%*) U5 (8,€)=0 , €20,
Ulx, 0) = £0<) , 0<X< 0,



