[Misc_zag, Week [c]|

Weol( L5 Sumwu\_r%",

« PO in 1 [spake] dimension

¥ et equatim Kattczuxx

Nesd 2 bomadany coditoms (g, w(o, €)= ul(, ) = 0)
aed 1 m(“h»o Conditivn (6-3-! ‘%(Y,O): L\(x)\)

ad _ 2é
Colution 1y of e ‘CC'MI @,g‘) u(\m—)=Z .l_\ Sen AR Q.Cﬂ \

Azt

HT»\ A S'b—‘—vl»j“fb\i* fd(MJC(b'\ Cl’\-'—sf At‘q‘:~5,€_5>.

¥ Wage equatoon Bt’f = C'LUK;J

Mﬁe.J ra Lao«.o(c.) MA(+tMT (f 19 LL(O ('X‘ UL(L f) O)

and l tnrkod CondiKns ((.3-, ‘-((\(\ O\ l’\ (Y] | Mu*’t”-o WA ¢

u(y,0) = h (), wcted V‘c(vcr*',)
go(o\ SwA (8 o'c 'HM "g(‘w\,, e R;LCY. -\—‘) 2(& (oS cn‘(‘-ré: Sm(zx(‘) L£in /\K}

H“tS ae SJCG‘J:I--S{T“»i’e Sdkn'\'{“w\ (WNMQ Q‘D(’Oamx@ ‘gf""“’"f\

This weal: POE?® ia L\(:]LLr Adinensuas

[h 2 (spetal) diomeascums = e ok = wae gyoatons ace

v et eguation uetcz(unfu”)

Y Wave e—vu—«‘(’(’u« (,(H_ - C?(uxff ng)



2
(et M(Kl)___,xn,'t) le « 'Cmc v M N

a?
T(r\p li clo\cfkn O"F u 25 V'v Uu = Z

. 2
[redt tr 95 (2, . 2) s vw’-é- )

(5,,;(-7J ) vacca b b .

dimeascans,  Owr Lamilar OOE> are:

(RPN

¢ et eguatin: Uy =C* 0ty
¥ Wawe %M“h‘ua: UH = C1\72U

('No'ee; Sermetimey He Lo‘(('\ﬁe O(un\‘(Tah qz '3 \N‘E'{"éan A) .
S{'Q_&J11 S{'f\)t, solations™  Occur ‘Gr the et %M‘h"’\
not \C;r_ ‘Hw Wawe %w&wn (‘u—d A‘(‘me WaAves {—m’{"’d‘h>

Nah 4 S-l:a_,.l\j..y(-‘f:- resas bt Uy =0 ts o

‘u,ﬂJ(' %V‘a‘('um | a()()rucl\ they ’({’Z‘HLJ 5‘(‘& fd(q'(-(l!'\) Lyc,a«me
Q.\rtn‘%u-ouj} e ’&ﬁq{&(‘k‘(’h/\e_ W'{— CLL—(/:]L w;r,’(‘, t;\M~

L.x

Sa(nd'w« S

TL\wz, «M Sﬁ‘.‘f.\)-rﬁ‘,b_ soluteons !a"‘(‘sg 0’ ut =C Vv u,

2 ?

\ ¥ -Z!A

le, V=0 = ‘)“2 + J , te.eT __d___t = 0.
aK( av‘z ¢-)XI\

. A “C\AAC'\'-?W\ 3 harmonic rF Vzu =0.

':\'\(a:\f_(_(; ‘F(X,ﬁ): )(1*'37' i< grms age !

Fox = |
{x L, qufx,‘*{w:zfz""o o

33



Vesualaen;  huacmonce “Q»Ac_‘h’ou :
l'F uC*l '{') {S | c. Ja(h+¢"ﬂ .tD '(‘LL A—Q—aj %U‘a_ﬁ7ﬂ, +(\é'\

Lo i‘ =0 \\Ewcm%urc will Spre~d 0‘** M’\(J

s

-

fwo pt
| Brg }J«L‘,l §wn-s-{-‘j:‘_ ).9(“4:‘;1;(\5 ‘ﬁ:« He L\e.d ‘5!}-«{"("0&}“. At h‘((“ﬂ"l(c__
*punc“('au 5, fad cce RS WC(’JW as (?“Sﬁé(? )

IV\ iD.' Cﬂvl:\‘o’«:-: 'H\t {‘Zw\(){rzé‘w U_(\((f) o"C» & lbf\(" w,+L\

loo
wlo,t) =0, w(L,t)=lo0, Tk sm¢3-<+ﬁ/ |
sollutivn sbicfioy 0=l R o . |

0

s staght w:g{._,:é__(w\_ o€
‘et condition, ‘
| Pl\,:éec,ﬂ mbterpocttipon: C*ﬁ%c,k o> p\u’l‘;-c e Over e \auj"
| c\-.n,wLw. Wire, A s '(\jﬁ" “s pacsibl
[C/Tﬁ ' ¥ Tle svefonce (s < kﬁmg«.z Y |

R ot g [ e

Fad ' (P F 10 hareone, then fr any  closed bkt ~sgon 2,
£ Achiawe; it¢  m ¢ page Ualugg en +he é‘)_a\/‘\/‘»J&f;s o

| Exomple: §x)= e

P(‘ci‘w c‘,\'\'-h'v\) ‘s Corloce
with kuCOu]uC C-vmkl, Tlo
Moy € min prats will be ot Lml«r:}.




o | | | _
Erene 1 U Wy b o Lokl Finckion deFrd Hor
O€¥ysT- —H«;J» Satistiee  the
oy inhed 1mlie problens

uxx * u*m -0
w(0,9) = U(w y) = Ulxo)=0 (0,9) ;
u(x, )= X(T-x o Back edyi g(w-x)

-\F‘Pigi((,,&,o 3 (‘(‘\A«‘{‘ibr{. \.k(_\[\( kJ) 13 ‘(J‘{ f% ~S +’nﬁ ‘\/\\

$o (o\f'k—{m u‘p a 0 he A ‘Ew'hM PO {:', . g
Uhee T sk a—c ‘F:X_-.,l o4 Ou) arh e al “CY, T): ?‘(T’X).

Wr's solee this (ij-h, Lj ‘&(at‘a’h‘b*f\_ ot W“.““"fg)

Sqp 13 Assume arq) = Xey Vesy. | |
Plag bosk v oy = KT g NP
= Ao Uy T X YeXY 0 5 ;(K” ?t

Sfaii_l; Sed epd £ st A &Q: :\_?/:";;[

Gk 2 o0E*: X'=AX | vl _ap

Sty 3 Solve thene DB’ ((with QW.AA«\;\ C_'”"‘Hf“"‘-’y
(o, : XAy =0 = Ko)=0
u(wy = XY o = X(r‘):o‘
wlxe)= (V=0 = Y()=0
Nok: The 47 LML,j coditon w(yx @) Jad wsebod  now,



We fov have T TVPS Yy X”:-,\X} X(Q)-: X(W):O
(@ v"=-Av, Y(0)=0

(A}"S .S‘dL/'(,, 'H'W,z
() We've done thiy betore: ‘,\: —n?]

@ Y =ary  Y[0): 0.

(X6 = b, Sin nx

v gy = A, Cosiw + B, smh "y (thic will % easrer Hean C e+, C_AJ)

- A0 o [T B

| S_Eg‘ Y Tt gl/‘-lr‘k—l }a(u\“‘.‘a\o\’ is u()(,j)“ Z X (X)l ('j) )' |

a=o
o4 .
(‘-e, F(X' ’): Z LA S Ax smh Aj—
Azq

M u"\"* 1 ‘F’WJ L°"" jwl+tm ({)ltﬁa n J )

&L()&/T() Z(‘: Siah AT) Sta nx = X{(T- X) Z 'Tng(l (ﬂ));m AX
Aol N e AT \__,_\/\_/

L:i)wju oefhednk, VL->4 Swh n

:.)\g TS

" TWN SinhnT

Té\(fcgr(} 0 we (_\Af\\"b!a() 50\M+L‘uf\ o Hee Tvp

hex Uy =0, wlo, )= u(m, ) = (%20, w(x, r) = k(T8

A=t

ts )jk(*/t\) Z Tilnl;c‘g\‘lf:)n)ﬁ Sta AX Siai'l r\j]




14
Exomple 10 Comsider 4 ij TV

(,(Kxfu(jj': 6!

W(Y,0) = w(¥, )= “(013) =0

Ww, 4)= y(v-9),
X Thes ‘s WAQ+L7 o CSa e f(‘o‘.;-(c,..,«\._ as E\x.\,«'k‘,t& 1) (. F L

[
4FU‘UL ag- X i: q & MvcfnJ s

Té\wz (Qn Sﬂmmf'nj>) '("Cv_ Sé(k’{—‘m L

k(k(h 4) = Z Lt(l‘(\')'\l- Sinh nx sia "J}

Rz Tn? Sc‘t\l'\ nT

E\xqr\g(( z.‘ Tl —QlLow:\'j vl iy =& " S‘u\perr)osr-l'wm“,
of E(\Ampb/l 1. ad L |

(v, ©)
uﬁx+ufaj :"O
\ - - (9,0) Y
uD((O\ - u(otj)*—o !

Wx, )= xw=x) | uw(w, g) = y(T-y)

Not Swpbrsmﬂhﬁ, e sdation & this TVP s He s o e

err—————"

colutaas €o E xanpla 1 5: 2 :“'“-—> + J“ - ﬁ

< 4(-(0")T ‘ . ‘
U(‘h ’j\ = g Tn® stah '\1\'[(&,\ ny + S,‘:\L\ b’\jB + (S(‘,\'r\‘ Ax t Su\‘ /\j)]

Think \,\/Lj daes this mabe  scase pk:)s("cu@ﬂj/ N "Eﬂ—f_mi of Sﬁ-wlj-s{z%‘
hedo desteibutions ? ,



@
et %M‘h“ow % _fZ DEE ut: CQ (uxx+u3.1)

B-—-—-f-’-—“ﬂ\ ('R'Lt (et u(\"(‘j,t) = {IMP A = sf)“""ef P‘J:‘o,\ A O = ¥ Yy < 7'_) S'u,{/-e((‘ &
. UL(OI 4, 6): u(T, 4, f)-: L((X/OI(->= u(k; T,'(‘):O (Gou&»la:' ‘C,‘xn_l ot O°>

U(}(( ‘1103: 2 s X S(Y\.Zj - Z Sn Tx Sia "/J (Iﬂi‘\ﬂo he 1 ’(l?'[‘f“'éu. :‘at\)

‘ | ,
us S.:(v—c ‘U'“} - ’ ‘F"\ o-f egsi"h‘w\ -Fh a'c fl‘r:e .
Y / -

Sty [0 Assume +le ;aL«{‘% hes e foenm (&(X,«J,f)z F(\‘,g)j(‘t)

?‘“_') Sach 1 uxx:{mj) d :{‘733‘, “w‘tfjt'

kN
Ut'—C'l(u”-kujj) =) {3(: C'Z'Fxxj *.-.C7 39

= —51 = ~Fx;c"'{? ¢f
Fy T = Q_?:_ -

Che 10 St epnd £ cmrt A (sec ahne) | 3 gt 7 eguctons

ctAt

9'=cAgl = gq0-Ce
vi F - )\ F ) Uce(MLw(Q eb\u\‘(’("‘(sn )

Sy T Sl s sputony (1o, o Helobds patin; we ko g00).
Boncdeoy conditomy Ulo,9,6)= Ho,4)g() =0 = F(o,4)= 0
(el need Hne) (o Y, )= {3(7‘-,‘3)3&) -0 = H(r,y)-©
CWyo €)= (v o) g =0 = f(y0)= O
axw 6= fx9qtzo = f(x«) = O .



1]
leltolz apentovn: £, vy AT,

St vnrabls! Assn Tl Koo Yo = £, -XY, £ - XT

FP(‘"’S back ia: th)/+ YV e AXY = _)S_“_\(* _X’f": )
: ‘ XY XY

<<

(A
X

Qewrr{'c_ |l _?(__ - ,\_i“ - H
X Y

! Ne——r ’t_.

depunl s anly depends rust Le C(»\;'&,‘j-_‘
A G\ RS Y
A
e gt T OBT: XUiuX,  Y':Qep)Y D A-pev
Yll: v -€> F"—’-“-—_.’/\ :y*/‘(

(ZQ.C«Q ‘aﬂw\l‘j C—MJ'(*CO\_;', ‘C(OJ 3: X(o)\,/(ﬂ) -0 = X(_O):O
9= X® Yigy=o = X(w)=6
fx0) = X0 Yoy =0 = Y(o)=0

Flym)= X(0 Y=o = Y(m=0

GOE 1 X"z Y, WA= XMO = Milg=bysmax, He-a®

00E2: Y'=wY, Y0 :Ymo=o @@(j)rﬂhsmmj) v=-mlj

T'\w\., ‘Qc Qac‘\ {hu‘r ml";- /\’ we h—‘v{_

solutomns + T{m (x, 3)‘; Bn,‘ Sia ax Sin Myl lﬂn'ﬂ(t) - Cvm e‘&("l*""’\) t\

Pec, O - L)\‘-‘VV‘!-’,\ = -(n1+m1)\

-4




S Eﬁ L( . TL\l W S‘d(-‘/l+% ,+o e lvc_,.j e.am-h«,n is '[J’LwL

| U’(YILS/{'):Z: ﬂ,\("/mﬁ ﬂm(‘(’) (f“‘“"‘""_‘ oree M parcs N € M)

QMZO

= = ' '-Czqu't'm")f
Lo u.(\(lmf)»: 2 2 L,,M Sin AX S$in o e

mz n=

gée S e M’r’ch9 C,vx..,(r'h»,\ (FLbJ 1A -&: O} . ._A

(A(X,j,0>: Z lom\ Sitn NX St Mj = Z_.S‘f,\ Y St Zj F 3 Sia X sia g}/.

n,r\7/l

I:\i)u,—\i& CMFQ‘LéQA+3f 'én: 4 L)qy

Al

3/ : ﬁd( 0+L4r 6,\,1 - O -

)

TL\W), ‘H'\L (ul\rb\ﬁc\ SolM"tw-« "Glg -(-L\z I\A(;t'(."g_,o VK(!»-( {)ru!)(gm (’g

| -Se 1.
\U(\h ‘j,f)= ? s X Sin Zj e t + 3.5',\ 4y SM:J ed”czf

WGV“C gw&‘t‘{a\/\ in ,2.(>: utt‘-t(cl(uxx *’u'j'j)

EK&N({ & {_d' q(xljl'(-) = A"S'{MLNJ a‘p a

. A
point (-)&j) M A Sgract  Mem hexne oF ﬁ
cerh»lu:)ft\ . »

(OIO) X —

uo, 4,4 u(T,y, €)= ulyo,t) = u(y, 7, )70 (&owiﬁj if ;mmé,f@)
W(x, g, ) = p0) g (1) Dacted wave (drglacens A)

Ue ¥, 4,0) =0 Taitedd  wave Wtomtj Cﬁ.d—mua\_

e Tnitad wae

LL)\‘S ga’w—( 'H'\z( ;"( p(}&): X(T(Z_,\_q'
. B0 = 4(T-y)




@
¥ Co((h‘nj "H’\{s (& K(Wﬁ* tee same as fa(v(“ﬂ. te 20 he t- 6()‘/»&'{1‘#4_

T oy difference i the gerend coln s gon (1) f

C SKepl Assune Wy y 8 = Flxy) 906 | “
oy back o Fg" =c?qf, + g1,

.3-:( _ L.« F Y_Z;F 2 )

S |
Get 2 %w‘hh«d:(\') {;71_[‘: ){'F) L(O, 3.) :f(l—': .‘3) = F(K,O): F()(( TC) - 0]
(S:::e a3 fvr et ab'*‘.“‘ﬁhﬂ ()

WHE'=cPAg [ (wn glzctdy e bt st
We "!Aw, an it cod on JI qf(ytmt))i-: \F(Yh‘j)j!w\:o :> \‘3l(03.:0)
Shotr Soe G £ o8 A \\—m

(w 79D Hed ‘6"‘\' Lf"" (\ﬁ( \3) * l!),\MSM ny Sinl‘\ mi

=

Sty 2

go\uc’gr ?.' 3”; Cl/\fj: —c?(nzfmz)j ,
= j“n(ﬂ: Anh ng(c 1}n7‘+n17. {) + \‘_Z_.rm_ SN\(C ’\}n'zi»m-l “:)

31(0\{(‘) =2 Qm-\:O | = \jr\m(*\:A'\‘”‘ COS(CW-&}\

SM: Fond '(’L'- au\er-J so\lutem.
2 Pq(’ 2ach (‘,Lw)(‘c.e 0‘(“ A % “‘(' wt I’Lx(,_e ~ So(-k'&[‘lm t,_; ‘él\t WA~ ¢Du1+(ed,‘
un"\ (X, j,'f) = ‘an()(, 3) in"\(‘\") s L‘)nm M AX St Mj Cos (C'\/ﬂ"’{-m—z {:)
Thue ‘[’{'\( 5);_1\—((»0 . ?o\(.\ Lomn 23 V

/

Wln 9, 4) = 2 L b Stvax st my cos(c AT t)




E

Noa: A\ﬁra«'{"é\’cﬂ\’ W Cana wr(ﬂ Z wstaed d{ Z Z
! n,mzl M=t n-t -

Shp 50 Use the Fiud mited adition (puj m t-0).

Ul x, v, 0) = % :Z bo. St AX s "y =(§ B.sin nx)( i B, sta "‘3)

o

p(¥) ‘6(3): Y(W‘ﬂ j(T‘ﬁ)
:(2‘; 40l) ,\K)(Z e Mj)

net TN m=t ™M
T, by = Bg = 1e(12CD (-60m) (L% s e
Trzn3mz - nn-m
’ o) o‘f‘wfut"ﬁi&-

Tle UA fent s olutopm ‘@e g IVP L'*,‘ —(—LQ,\(g,.er

Ulx, s, 1) - S 5 (-G (I-(-n") Sin nx Sin my COS,(C@

2,33
G nt -r( n "’l

Examb 6 2O He,‘fe,()u@;h*um with  am-2ew ‘aMa,L:j CodiFioms

U, =t u,, + uh)

u(ol‘ﬁ( 'E) - Y(X(TT, (j/ t) = (/L(*(O, t) =0
WX, €) = X (T-x)

u(-yl‘j( O) = X(T(‘- X)_-{» S:'V\-)(S('y\ 2) + 35‘\“,“( S‘*\% (0,0) , ><. —

T”\(S is +L=f "H\( Tve Cum EXﬁ/‘—\.P(p 4 0\4‘;[ %(A«‘t?an with .(ge,ro gmn-i,&y
mir%«y*)) Lot with the Lmunj coditions om  Example 4

(L«()L'\C«% &g in mx) atdet
‘)(’TL\'«IL, ”H'\( O Solutim Tt Tt TyP l‘S JUS-{- +e SUum

()‘c 4+, SO(U\\'W“'If +i> E'Kﬁ"'\{(”l 1 : éﬂ""{ L(‘S \‘.—2,--)



@

UCx, 5,€) = Uy 0 3,6) + Uss(%, 9)

o -set et 24 o b
u(¥,3{t) = Lsw x:sm.ch .-'+§gm.%x s Ue +2. T ST sie 'y

n=t

\'Nvﬂo?m.\,\ll, Sal‘v\/' e the solution §~(;¢_J_J-3~£-,:Q So[.‘v\
0 Al B bradoy cdibivns were (soln o the TVP
O0 (So("n t . the TVP N Era»«,(l._cl)_ Examle 1)



