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6.003: Signals and Systems

Fourier Representations

March 30, 2000

Mid-term Examination s#£2

Wednescdoy, SApeil F, T:30-92%0pm;, 24-101.

Py recibations om Che day of the exam.
Cowerage: Lectres 1-15%

Recitations 1-1%

Homessorkes 1-8
Hommesork £ will nod collected or graded. Solutions will e peosied.
Closed book: 2 poges of mobes I:Hé w 11 inches; front and bock).
Dresigmesd o= 1-mowr escam: baee ours B cormphete.

Review sssaons during open office hours.

Confiict ¥ Contact freeman@mit.edu before Foday, April 2, Spm.

Fouwurier Represgntations

Fourer seres represent Sigeeals n terms of Sinusoeds,

o Pesprdss Lor o oneww regwesentation for Sysbems as filbers.

Fourier Series
Representing signals by their harmaomic oompsomen b=,
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Musical Instruments

Harmonmic content s natural way o de=scribe some kinds of sgnals.
Ex: muedcl instruments (hitp: / Sthereminmosic. viowa_edo /MIES)
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Musical Instruments

Harmomic content & natural waey o desoribe some kinds of signals.
Ex: musical instruments {http:/ SUhereminemosic. viowsas . edu S MIES)
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FAusical Instruments Harmonics
Harmonmic content s mnatural waay o de=scribe some kinds of sagnals. Harmomic structure determines consonance and o Beonanoe.
Ex: muedcl imstroament=s (hitp: / ftheremin rmsic. uioss edo /8ALS
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Harmonic Representaticns Harmonic Representations
What =gnals can be represented iy sums of harrmomic ommpsonenbs? Is it possible too represent ALL periosdic signals with harrmones?

Whist about discontinuous signasls?

Fourier clamed YES — oven though all harmonics are comnbinuoas!

Lagrange ridiculed the s that o disconbimeses signal could  be
writlen o= 2 =um of conbimeoes agmals.

W wnll e Uhe arswer s YES and see i Dhe anesser rmakes seemee.

COnty periodic signals: all harmonics of wy are peniodic in T = 20wy,

EE[IE"Btm harmanic oomponents EE[I-EH"B“I'IH harmonic oomponents
Underiying properties. Assume that () is pariodic in 7 and s composed of 3 weghted surm
of harmonics of wy = 287
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Fourier Series

Determiming  harmonic ocompaonents of @ perodic sigoal.
{ “analysis™ eguation)

oy _;E P

2(t)=2(t | T} = i age VT { “synthesis” equation)
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Check Yoursell

Let ag represent the Fowurser series coefficdents of the following
S LIS NI
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il 1

How many of the following staterments are troe?

1. ag =0 if k is even

2. ag is real-saleed

A |ag| decreoses; with k*

4. there are an infinite number of non-sero e
H. all of the abose

Fouwrier Series Properties

I o =gnal = differentiabed in Gme, its Founer coefficients are muoltr-
plied by 4k

Prool: Let
2t) =2t | Ty = B agetPH
bt —m

thesn

F{t) = 2t | T)= i (j%kat:] L L
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Check Yoursell

Let by regresent the Fourier sevies coefhicients of the following
triangh: warve.

AR R

[ How many of the following staterment=s are troe? ]

by =0 il k is even

dy = oreal-waloed

g ] decreases with k2

there are an infinite mamber of non-sero b
all of the abose
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Fourier Series

O can visuaslize comvergenoe of the Fowrier Senes by imcrememtally
sding Lerms.

Exampie: triamghe wsweform

L
N4

Fourier Series

e can wisumaliee comvengence of Uhe Founer Soenes by icrementslly
abdineg Leremes.

Exarnpie: triangle waweform
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Fowrier series repgresentations of fomctons with deconbimesoes sloges;
coupeerge bosssrd Functions sath discontinuows slopes;,




