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Partial differential enuations

Heat · Wire with uniform density g.
· u(x

, t) = temp of wire at posn x time +

& Given initial condition u(x
, 0) = f(x),

what is u(x
, +) ?

A Will be specified by a differential equation
It boundary conditions /

Dr g(x , t) = rate of flow of heat energy, per unit length at (ast)
Fourier's law of heat conduction

q
= -h
thermal conductivity



Den Q(xt) = heat density , so

- heat capacity of mosium

By conservation of energy,

-

6=i



This
gives us the heat equation

(in units with 1 = 1) .
Cy

Full specification for heat egn on circle :

Given f("IS) , find u : S' x Ro -R such that

(D) For fixed to30
,
ul- , to) CCS')

,
and for fixed

xotS'
, u(xo

,
-)eC'(IR>o Note Discts

initial condition(IV) ExeS'·muxt) =f
is OK !

IPDE) -:



(A=2)Noth (PDE) is equir to Au = t notation
↑
Laplacian (positive operator(

LAND OF Recall (en)
nex

is an eigebasis forA
WISHFUL

THINKING
Since fel(s) , f(x) : [fulen(x) in 2.

-

oh b Let th(t) = u7 , t) (n)
·

Since ul-
,t) = <(S) < E(s)

have u(x
,t) = [tn(ten(x) in h

know A diagonalizes
-

Hope : -& diagonalizes it as well.

If so,



A(u)(x , t) = [Mmn en(x) +n(t)

x) = [Gen()(t) M commutes with nez

Thus we seek functions twitl ets at O such that

- ti(t) = 4+nifn(t) and tu(0) = F(u)·

featae *mor commutes withI

& Solution for tu(t) ?

A ta(t) = F(n)e-tin't



Thus ult) : [F(men(e-int is our candidate
ne2 solution

.

Nor need to formally justify :

regularity : [Fuen()e-Yin't converges to

Co fr of x , Co fr of to

Erim luxt)-fl =
& or 20 for felsl)



uniqueness our solin is the only one satisfying
(D)

,
(IV)

,
(PDE).


