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8 FourierSeries

TopicforWeek 14A DefinitionofFourierSeriesandExamples

Weconsider 27 periodicfunctions i.e f at fix
IL periodicforany 0 ER works analogously

V.V
TheideaofFourierseriesistodecompose periodic functions into purefrequencies
E
g f x cos 2x cos12 2x is a sumof cosineswith frequencies 1and2
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This is usaf l formany things
Itworksalsofor non differentiable functions so it canbea goodalternativetoTaylorseries

It is veryimportantforsignalprocessing
It canbeusedtosolve ODESandPDEs

AgeneralizationtheFouriertransformalsoworksfor nonperiodicfunctions



let us justconsider one period i e f toan flot flat

Weassume f is Riemann integrable on 92T

ThentheFourierseriesof f is defined as If Egg
Fouriercoefficients

Note enlx e playstheroleof a basisfunition

Gt introdure theinnerproduct fig F g
x dx andnorm11ft AM

Then cejiens eund feijxeiktdx f.fi
ile 0 k j
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en 1 he is an orthonormalset of vectors

Next we compute rejifs cej.ESfrens Enfrigg fiAssumingwecan

interchangesummation

andintegration

Wecancompte f if we caninterchangesummationandintegrationabove whichwecandooften
butnotalways

So in that case In e fields

Butwe candefinefn foranyRiemannintegrable f

So generally wedefine theFourier wefficientsof f as fu cen f einfield



InthefollowingwewantinvestigatewhetherE Ine always
converges tofix and ifyes

inwhatsense

First wenotethat often IN andfix don't agreeeverywhere
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Hereeg
we see that flat flat so wedonothaveconvergenceatallpoints

But it lookslikesometypeof convergenceshouldhold



α
ExampleB fix x re on to2n

W
In

A computation seeHw showsFelt EoEth EE coskx

which
converges everywhere i e Felt f x xf o an

Asa corollary wefind Ed fol f nt It i e E

QuestionWhatistherightkindof convergencefor functions as in ExampleA

Wewillinvestigatethis inthe nextsession


