
 

INTEGRALTRANSFORMS
ANDFOURIERTRANSFORMS INPARTICULAR

An integraltransform

fly Fcp
is of the form

F p IcpDfwdx t

k is called thekernel

ex The Laplace Transform

Fcs sfe fCtldt.LA
othertransforms Fourier Hilbert Hartel

Bessel etc



INTUITION
Thetransform is a lineartransformation

Inwhatfollows we'll consider a finitedinerswel
lie er transformation i

Recallthat a linear transformation
from IR IR say is

b A x
X E IR

n b e R deIR

1 says that b is a
beer anbinehuof

the columns of D s f f ai gin

i e b s G X t ask t thnx n

Xi's are thecoordinates or coefficients

But now think of the Xi's as being
inmagnitude tle weights of the ai's in

defining b i e how important each ai is
in buildingb



If we now compare b

ftp dpixlfcxldx
a

to the problem b Dx and

consider a Riemann sum approxinetin

to the integral we can also

seethat theRiemann sum could
be

considered a linear transformation of

f x to FLp
N

b p E klpjixilflx.TOXi
is I

8Xi s Xin Xi
N

and b a E Ix i
ist

Apj Pj t Pj
and Pb Pa g Op



J

Ku b s A f
where b j s b p

A aji Dx i

f f x i

Focus on FOURIERTRANSFORM

Flw slq.IE
iwtfHdt

wewrite this as

ftp.fffltD
wealsohave the inversetransform

ftp.F Efi



fltl FY.fm iwtflw dw

CanwerelatetheFourierTransform to

the Fourier Series

Yes shown informally below

Recall thatfor glt squareintegrable
and periodic

H gG Ege
iWnt

les es

gCt ti s g t

T is the period is 2e

was 2k 5kg

if t is the Ren Wu hasunits of Ytre Tha
unitsof the



Wh are calledthe frequencies

saysthat for sonet a linear superposition

of possibly infiniteorthogonal functions

eiwkt.ws wut tisinlwut
k O Il t2

tines ble complex coefficients are

onverge to g at t

We notethat the distance between each

frequency Wh and Wa is

constant
Dw s ww Wks 2

To find thecoefficients are

at I cu 4 f gG Eiwutdf



Th
s Aff f gG e

iWktdf

the

substitute into Cx

gltlg 0f.figuse iwnudueiwat
Cw

i

i
i
I l l l l l d a wk

tf 4 If 0 4 6

Take some L box with area centered

about k with area

21T
g
Cu



we thenmultiply this area by eiwut

3 q e
iwat

let t.es teen Aw 2 d w

the distance between Wh and Wa

beanes infinitesimally small ie we

get a continuumof frequencies and

of Epectral anponents cow

Atthe same time we let hates
co

E 9 game
iwut

les co

2 figure
i wtdw



were glued gene indie

i
gltslg.ggdweiwt.f

dugcuyeiiww

I

4HAD few ffltleiwtdt.co

9 fat ftp.t.ffagetiwtdw



In the above though we started with

periodic functies gl't must only
be absolutely integrable over

the

whale real lie to have a Fourier

transform i e

Htt dt a es

fat is L function

ex calculate the FourierTransform of the

Dirac Delta Funchu

TheDiracDeltafunction is actually a

distributor ratherthen a funchu

S G a



this is a DirecDelta function situated

at x e It has unbounded height
and is infinitelythin finx Formally

as

Sfx a dx I
co

It has the siftingproperty

Given a function fee
A

fax a fix dx fca f
es SG a

TEY
l s
a

TheDiracDelta function has a
FourierTransform



fltl z.gsdweiw.t dufcuIe
iw4

ffdufcuf JeiwHuldw

Compare this expressionto F
we deduce that

8 t.w.at eiwte iwudw
cs

ffslt.uD e
iwu



Shift Theorem

e iawfcwl.flflt.at
show thisbychangeofvariables

ex f if e ioto e
Hee

Need to know f YeHee

fromTable f YeHua Gayheart

f Ife iwtoe 1eY.czagke
a.lt top

Derivatives
I

41 fm tD liwYIlf
t s dd n ad HAHAH

showthisby integrationbyparts



Convolution

htt ffhgltildcs.ftgklflt.itdi
00

or htt I flit glt
4 htt think 9 Htt FfgHD

or Hlw Cait Flw Gcw

Toshowthis

host Nfl t.at fFlt.d.eiwtdt
ran

let s t
adsIt

wlstddsseiw.frwsds



e
i wa f Flt Now use this in

So flhttp otiiwtftftngltitdt
is

ftp.fdtftdne ftp.glt.je
iwt

Ide ft Glu e
iwi

Ghsfad flite
iwi Ecw fatFlw

i 41g t Rai Eas Eas y



Parseval'sTheorem Energy Theorem

1.7fastdt dwlf.cat

ie

1 1fast'd It wite
iwt.nlaiEeiitcs
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