Cha.y 1 Where PPE: Come Froma

Sec. L1 What s a 'P;DE?.

(Use avubber bank prop.) An elustic string is strefchel + o
lenghh. L and fixed at tts end poinks, The Shring is istorted aul
then veleased at a cevtain nglant , 5oy t=o. We seek -\hl
transverse displacement w(xt) of tHe sér‘.ma at positien x in
[o,L] and time tzo0.

w ﬂ wz=u(x*4)
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We will see m See.l.3 Hhaf for “small® olt‘s‘)la.cemen:ﬁs,'mc eﬂ(m":{en
(aevefn‘ma the wmotion is La??foktm{d:j) _

S . 2
@E) -;Ei - %‘;.;L:o (i-} Wave Ecbuahm)

wheve ¢ is a Pos'\’c‘tva constant Jhat alepma\s on the Pl’tbsicaa’
Proper ties (J(t’—ns;efn and aleushlj) of the S'lx‘ihtg .

[Nw\ to 'mforwvilb define “PPE” gnd “soludion” of o TPE heve.]
(cve_w ﬁ—r ‘fo(‘vwi)
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Ex '_Ll ) Veﬁ-Fj frat fov each n=123 ... the function

“Trct X
u () = €08 (T)sm(ﬁ:_)

s & solu{.len‘a; ) n -{’h. xt—?la.ue.'. o<t < ,-—ao%x-coo.

(!7) Vcrf{-d that f £ and 3 ave any 4wice - d;ffeventiable funclions
of o stwsle veal Va,rialy‘e +hen
wt) = flerek) 4 glerct) o Mok e,

('Tw’ﬁ.\fehna wa,vas) '

is & solukion of (k) wm e xt-plane,

Notes: (O Solwtions of fhe form (@) Sﬂ:ﬁs% +he In‘d:iaf\/bmna\arj conditiens

(8.c.) O=u(ot)= u(L,{‘:) v all $3 0,

\T-¢.) %_:_(x,o) - o for all oz xel,

Solwkioms f the form U’) need not Sa!dsfn (B-C-) and (Tc.)

@D Solutins of the form () involye 4wo “o.rbi-tmwj" funclions, T,
n\oclelinﬂ ?h‘jsica.\ ?kenomena , the PYE Sovwn:ma the evolution of +he
snsl'em must be supp lemented wilh a«wroPna}e \ml:ud/ bmm\mij conditions
o w\gs&@j Hhe ?haswdlb velevant * solutions ameng the vast number of
?oss-‘ole sslukieng , ) .

@ The wme operator = = €T in Gk s somddonley
ond lineav 5 e, Llwrv)= L)+ Ly and ;ﬁ(lm)= ko). [H«e
wzulxt) and VEVEGE) are mv{y?cmrj twice- diffeventiable funclions of x wnd 4
and k is an abitvary costert | Therefove g6) s @ finear homogencous
PYE - of(w) =0. A  [Gnear vlonl'lonwzeueous PDE  has +he form

L(w) = F%)
where X, % @ (me,aw PP o?em{’w ol 'F fF(x(:) 'S asrec&a';u o



‘Fiu'\-l:z\ymmb
S‘A._Eefvoﬂhm Er\dp(e-' IF by g, oo, Uy, aAve %‘&\%M\?\\\Bﬁ

solutions +o « (inear homo 6€neou5 PE SC(M-) =0 awd R, Ia“
tz ove a,nj constants ‘Hﬂe, lineav combination of soclukions
(N

‘o

ufx by = !Qll-tt(:‘,-&)-!' h‘l&_‘_(x.:‘&)"’ -er 4 h,._“n(x_,'t)

s also a sdutiom 4o ﬁ(vﬁ =0.

FW efxam?(e) wix k) = 1: lQCQs(Jﬁd") (Jﬁ'x )

= (- L

= klcas(.’se.t\sm(:_rs_) b ..+ k“oos(ﬂ_f_r—_t) ;m(r_n_[}_)

L L L

2 2.2
| 5»‘\165 %—b_i - ¢ on = 0 for a—nb 'iwtuhey N2l and M3 consbanks
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kyy ) R

Hha svder PR

l j’etmme.lw[e’(ker oy Vlo"; -H'\e d‘-‘PQYSNQ, wave QTMQ,‘
a éi' 93 w= % 5 a sclution
“ w PP L
(irﬂter - a-l; ¥ Q& = 3 T o W w-{:-caa} B0 LX< 00

bu:t 2. i no‘{:‘
15 linear. (Kwiewcﬂ-—aleVrie,s ec} fomy ef. Seo!‘i'.i, pPp- 3(97—37.«{.')

Ex3| (#10,p.5) Show Ythat the sdulions of the ODE
\y W’ - 3" ¢ 4w = 0

'Form a vw'ker slmce, . Ft'vu:\ Lo B loa.sis ‘Fcr 'Hn.e Solu:ﬁon space a’j.' q')

W ond FACH on pe of " Vectoy 5?““5" handout 't saffices to show fhat of (f(ui),o
and af,(u Y=o then éﬁ(qu‘+ C,,"Lz«)" o for any censtants c, and e, . (C'kepk Hhis)
{ zt e'?’tl' s A IOMFS . Note: o= m3~’3mz+ += (‘Mﬂ)(m?l‘(-m-\"i') ':(mh)(m'l\l,



