
 
SE maths refresher course Fri 4thOct

Fourier Series

Projections in Oki infinitely dimensional
function Space

p projection in Rd d dimensional Euklideau space

t.tl l t l t n
Fixe is the projection of E onto ei

i d Et ö die
ei E innen

o ej.ci die 3

ä Fü ii 3
Führen

again in a more generalform
Let Ä be an orthonormalsystem

length 1 KÜHE
1

linear combination I D It Adria Ifthogonal Etv ifk

multiply by Erika d viii Kat t da iiiSpd

D oh t Xdddk DK
with Kroneckersymbol

0 if l ie hä Ü
1 ifk lj.hxiiz.it HÄLT

Ein
I Lebesgue function Space

0,2
projection ofÄ onto

energy

contains all functions f o zu IR or E mit FAN dx

scalar product f g c µ ÄHGETdx ad ä 95

oft angriff
Kom Hf Gpu f Coin

f 4 I'd
12 d



total dx

Ep fE askx KEE k 0 Hf Äosiky d TT
will askk 3

rejection of GER out f Husk 44444

f
9 44921 FG o Zi

ws sinn 1
11ft in

glhaskxdx.ws eX

R coefficient how strongly FEI
costa is contained in g

Real Fourier series JosephFourier 17681 ftp s

T.heo.re.y The functions IT costa sinkx 4 1,2

form an orthonormal System in Lz 0,43

Proofm wskxifwslxkzcco.us

ask.ws exDX wslkxxlxltwslkxlxldxwssex sinux wskxwslth.nl

Äsche xd ws k e dx ohne

0 duefok.lt1
O fer k l 0

Zr for k E 0

d askx tu costadx O

and etc forall over
combinations

theory The functions HE wskx.IEsinkx 4 1,2 span

a hier heult which is dense in qui
withoutproof

e every function f E KUMI I canbe approximated by
a fiction fromthe kind

huh with arbitrary accuracy

fE f tz t EISf fzansk task Ä sink

b
9k

f
Yourier

series

fly Ez 9 ask basinKx
zur



ä I
and a ftp.wskxyztp ÄHwskx

dxbknhfiftinkxI.fr f E sinke DX Emmi
saw impulse

Ei
sein

auf Lü x askxdx
hi

für asked Yt flüntwskx DX
a
Substitution Zi 2 will

0 1

f wskxdx ffjzza.sc dzi zydE
O

ans Kz

b sinkx dx
i with a 1

F
t 0

lzi.is aYE zco.iyaEo ein

K
frequencies

i e bk I j d t

gut basinkx 7 III aux It
f divergent

harmonic series Htt tft 2



solid sums

II EH
2 sinnt

Ein i3 µ fnaiyfor o.ee j
n Ii Y n

i
converge

to f in the sense of ha
ie Hf Elf zu

50

FikipeditsComplex Fourier Series Scripts calculus 1 2

müsste nu ote Ii i Eg ijform an orthonormal system Springer Link

ggf ei ei
zu EinfachistMathematik

Ätze tzeidy.fi eikxe ilxdy
ODENDE

eilte e xd GO
for l

ei HI wsa e in k

ÄH L forte

gain projection f f true Ine
functions in thebase

f
eikxyeikxqgck.bahgatecomplexunser



complex Fourier coefficient ch ff e
k DX

Fourier coefficients

f G Eicke cot frei e
ibex

compare tc.ze
4
qe ixtg.ge the 1

co t ge c e ge Ezelix

cot Ccoskxtisinkxltqlwskx isiu.lv

wskxtinE.su ex

a bis
2

9oz c als Gt Ek bk its Ek for k 1,2

auch c a ibn E lautibk for k 1,2

for x Lei
EP ff ü x for Kevin with a 0

hi periodically extended

c o a
TH III

ei

a

Kuck ICH
for 9

ey
3 3

ÄH
7 9 same Fourier series fädiftern

Fegt pointwise but in the sense of
i e single Je

f 9 Kf glluco.us Ifa g id Ö

Fourier Series converge
in the sense of typically not pointwise



ey 7 Y I

defvft.iq f E C 0,2J i e once differentiable function f

µ IIge Et Ei o

f x EI ih g e 7 kq.si ax kbnwskx
ka o Kb

The smoother the functionfis
the fasterdecay theFourier coefficients

Eignen
regardonly one summand of Fourier Series g E akwsEx basinEY

harmonic oscillation ak.bz ER frequency k

ansatz GE Akws k 9k ftp.hkfeAK.ph 9k

Akws Kt 9k Akws 9k ask An sing sink
9k by

a Akws9 Ibu Aktien
A faith VCAnasenfektasinen AnPastentnik

tauen bat or e antan

More general periodic functions

g might
be a function of period T GG GATT Hx

Searchfor get It a.ws uiY basin

coordinate transformation 1

X 0 7 0 T 7 25 z
2 FIX

0 2T

ftz gG is 2T periodicfunction

Fourier coefficients off f Äffz askzdz



tourer coefficients off f Sl
substitution 2 die de

9h19 g uns
2M EFdx

IgE as dx

analogously bulg g sein dx

Fourier Series in eigen
oscillations

String ftp.emeutfoIEEPoE
f

density
tension

boundarycondition alt 01 alten O

look for harmonic oscillations eigen oscillations ultpl
wswt.VE

4 das wt.VE oIu wsw v fef7ueuY

gw ws wtVCH Pqsrwt.VYx withVGF
F eigenvalue problem

f EIN 44n

einen differential
eigenvalue operator

eigen form eigen functions Vn sinke bin1,43

eigenvalues k SPI or eigen frequencies an VII k

one eigen
oscillation 4µA unswat siu by

Fourier Series of u is hlt i Ja ansagt sinky
Superposition linearcombination

of eigen oscillating
4 6

Im KT



eigenforms of a String k sind Ä E
Ws 3w

Ä
5

aux

w

naturannes

Rein Standard Fourier Series resp eigen value problem

f E JA akaskxtbasinkx D Hx D
VH

T M M for zu periodic and

eigenforms
continuous functionV

of an infinitely long string i e boundary
condition

under tension with a zu periodic o Hut V'lo Vk
deformation

Solutions sinke k 12,3 D K

coskx 4 1,43 D K

I D 0

Have a good start to your CSE studies


