
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

deftimpf general titles
examples solutionmethods

previously saw Fourierseries of a periodic ft in a fixedintervalas superposition
of sin fks

often want representation over infiniteinterval whoperiodicity FourierTransform

B I FourierTransforms

FT provides viewof ft's defined our infiniteintervalwhoparticularperiodicity

considered as generalizationof Fourierseriesrepresentation

ET usually represent timevaryingft's usuallyuseHH ratherthanfix
onlyrequirement I Hdt is finite

recallthataft ofperiod T mayberepresentedas complex FS Fourierseries

frt EE Cr e Cre'Wrt Wr
2

as T Doo frequencyquantum low FI becomes vanishingly small

Wr becomes acontinuum

Cr coefficients D W continuous variable

FS series integral

recall how to get coefficients

Cr IatfH e If I dt frt e
att

Cr

plugin Cr into frt
frt r.EE If I dufray e iwm e iwrt

Wr is still a discrete fk of r

w Irl IF
2 o c r o e

w t isareaof rthbrokenline



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

if T Doo ow becomes infinitesimal

by defeof integral T.EE Eft grwdeiwrt rztfieiwtg.rudw
with glwr If fry eiwrude

rewriting fit T Poo 3758

frt It I dweiwtfof.odufme.im
called Fourier'sinversion the

candefine the FourierTransformoffittTrw its inverse frt

Flw fog fry eoutdt q1

trt Ta f Trw eiwtdweg.ie
have tip to makesure products ITT meant tobeverysymmetric

Find Fourier Transformof freko fortoo Atk 1 e At fo teo KX o

Trw Ifa e iwtdt
tf f O eiutdt t Aette iutdt

f e retied tdf
1 ret

zfI d isonly theamplitude oftransform

UncertaintyPrinciple
impt A is Gaussian or normal distribution
its FI inept He illustrates uncertaintyprinciple

find farriertransformof normalizedGaussian distribution Htt at e w e oo

centred to a rootmean squared deviation at E

fTwI EE e e iwtdtf.EEEiEEiInii IEeft72iwEEhr ELI

ft f e tdt t.rti iz.ws II



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f e
Him Tiedt

e tht I
0

c tic wy

T Ei f e It

equalsunity Vamplexvariabletheory

FTW e another Gaussian distribution
rootmeansquaredeviation8Wthe FT of Gaussianisanother Gaussian

therootmean squaredeviation in t was 2 spreadsin w sttaneuverselyrelated

DW Ot I indptof 2

narrower in time greaterspreadof frequency
forGaussian wanepacket okDX L

p Ak E Tw R deBroglie Einstein

in QM fatB wavefunction 331distributionofwaneintensityintime
given by 1ft a Gaussian RootmeasquaredeviationofHrm

intensity distributionin frequency goes by ITF Rootmeansquaredeviationof

WE at 72 opox 42

Dirac 8Function
can be visualizedas a verysharpnarrowpulse whichproduces integratedeffectw a definitemagnitude

2 big properties

S t D for t10

f frt8ft a dt fra provided rangeof integrationhas f a elseequalszero
is fabSaldt 1 forall a b 0

I 8ft a dt I provided tea in integrationrange

8ft 8ft
seat at set
8ft O



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
https://commons.wikimedia.org/wiki/
File:Fourier_transform_time_and_frequency_domains_(small).
gif#/media/
File:Fourier_transform_time_and_frequency_domains_(small).
gif 
 

consider integral ofform SHH 8 has dt

z hit me 8hr4 8rt
1h'ttill

ti arevalues where hfti O hft

derivativeof 8ft
M gf a whereaooo

1 Htt Hdt LATISH foot'H8Hdt
f lo

effects notstrictly describedbya 8th canbeanalyzed assuchifthey takeplace in intervalmuchshorter thanresponseintervalofsystem

Relation of 8 functiontoFaviertransforms

backto FourierinversionThe

f rt It todweiwt Ifduffele w fidufru E e'wit doo
can write S fkas

I fit 8ft a dt fra
8ft D It fooeiwrtD.eu

very narrow timepeak e t u results fromsuperpositionofcompletespectrumofharmonic waves all frequenciesarsameamplitude
allwavesin phase t u

consider distributionoffrequencies takinginverseFowierTransform

feet If I eiwtdw
2 STEEL lager largestnarrow 0 0

canrepresent 8fleas 8ft fimpoof971
Jfk e a dt fra

Ig r g out



FI of8 is real b c 8TH of eiwtdw grey grey fits_e w a o
E L

ET of 8 ft Trw fog Srt e wtde Far 1

Properties ofFourierTransforms

FT of frt is Flw or f FAB

Differentiation

fEf'reD cow Trw

fE f ft cow fEffed w2FTW

represents FI ofconstantof
Integration integration

FC Stfolds Trust2itoSew

Scaling

f frat at FrEa

Translation

f I fit aD e'aw Trw

Exponentialmultiplication

f eatfro Tfw ex x D Kore or

Convulation andDeconvulation
anyattempttomeasurephysicalquantity islimitedbyfiniteresolutionofmeasuringapparatus
physicalquantitya tomeasure fix
Measuring apparatus doesn'tgiveoutthevalueIED resolution

fh isused glut
probabilitythatoutputy0 recordedbetween
y ytdygivenby dy diII n

x

goodresults closeto S fl
typical apparatus
canbesome bias somesystematic error



1

w thedistribution fix a resolutionfk graph
want tocalculate observed distribution hrz
tryzallrefertosamephysicalvariable butareanalyzeddifferently

Probability truereading lyingbetween xtdx having fakeprobability ofbeing
selectedbyexperiment willbemoved byinstrumental resolution by y x
into dog is grzAdy

probability for x beingchargedbymeasurement

combined probability of dx giving
observation

appearingin dog
is frx dx grog x dg

Addall contributions of all landing in range z ztdz
D h faffragryxdx convolution of f Ige

f g g f
observed distribution is convolutionof the distribution experimental resolutionfk
convolutionof any ft gry w a numberof 8 fk leaves a copyofgry

positionof each 8 ft


