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Also must specify initial condition i ulx.io flax

and boundarycondition No t UCLt 0

Separation of variables solution
Assume ulx.tl Xlx Ttt insert into equation
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constant

This results in the boundary valve problem

x 1711 0

Ho Xu so
N t til solutions obtained when

nearXue Xulx sin
The equation for T is then

T t NXT 0 2 use 2n in her toobtain
a'neither

Itt e
annuity

Define unlx.tl WHICH sin x e

In X is allowed to be any of the Xu's and therefore U

is an arbitrarylinear combination

Uhatt an sin ea'n'tithe

The initial condition then implies that

ulx.co flxl E ansinuIx



Founir Series

Question Can an arbitrary function f on the interval fL
W

interval

be written as

Hx ancos x x obnsinYx

Note The functions cosmIx and siuYIx are orthogonal on

the interval ELL
cos'Ex sin x cosmEx sin x dx

L

0 show on your own

Furthermore if min then

cosm x cos x dx O
L

sin'YIx sin x dx O
L

So the set of function cosmIx Sinn x are mutually orthogonal

Therefore Assume that f cue be written as in then

multiplying by these functions and integrating allows us

to solve for the au's and bis
I
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Hx cos x

nafix cosTx dy n 30
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And likewise

bn fys.my dx
tfhdsinhExdx n 1
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This is merely solving for au bn's by taking inner products
ice projections

Complex version

since cosx six
e e
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We can also expand
A infix

f17 cue and
n

ca fix e
Z L

Do these series conurge

Thin Let f f be piecewise continues on CL L Then the
series land I converge to fix if f is continuing and

to th t flxt if f is discontinues at x A x IL

fl L tfkthe series converges to
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The highlighted portion is knownas
the RungeEffect and happens at

disiontinuits



Example f11 O Xt tha

l Xt 10,1

Then an f flx cosntix DX
cos nax dx if u O

sniff sinnn O otherwise

bi f fhdsinn xdx
fjsvinaxdx a con.ITo conI n

0 if n is even

if n is odd

so the Fourier series is
A 2 sinknitTXfled Iz t n D 12nA11

Note that at points of discontinuity l O 1 we

have that a 2 sin12mi11
ffl t E L

neo 2h71 IT z

and likewise fld fli t

Ext tha I I.it YEx3 HxtacEx.a



Eveneoddfun.to
Recall Even function FH Hx

Odd function fl x Hx

AI cos x is EVEN

sin x is ODD

Therefore if f is even its Fourier series only contains cos's

if f is odd its Fairer series only contains Sin's

sluice ODDx EVENx ODD1 7
ODDLY ODD11 EVENx

EVENKI EVENLY EVEN11
Also if f is odd then

flxldxe.fiflx1dxtftflx7dx

f fCx dxtfotflxldx

OExanpliIf f is odd

Then an I 1 17 cos III dx 0 since f cos is odd

bn I fix sinIn Idx AxlSinn dxtfhflxls.int dx

t flxls.muzxdxtfhflxlsinhIYdx ZffCx1sinnIdx



Extensions

Any function on oil can be expanded as either a

sine or cosine series by computiz an extension

Let f be defined on Cost

Then the odd extension of f to CL o is

F x
HH Xc gig

Axl x2

fl x x ctho x

The ennexkus.ie of f to C40 is X

I
3 Since F is odd it can be expanded in a sine series

Shiu G is end it can be expanded in a cosine series

And on oil 1 11 611


