EECS 210: Lecturel

Goals
e Understangeriodicsignals
e Understandinusoidaldecompositiorof periodicsignals

e Understandhow sinusoidggo throughlineartime invariantsystems.
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Figurel: PeriodicFunction

FrequencyRepresentationof Periodic Signals

A signaly(t) is periodicif for someT

y(t) = y(t+nT)

for all t andintegervaluesof n. T is calledthe periodof y(t).
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Parametersof Periodic Functions

* Yppk = peak-to-pealamplitude=maxy(t)]-min[y(t)].

o Yag =7 2" y(t)dt for any to.

® Vims = /\ﬁ ,mwoﬁ <N3QL for ary to.
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Sinusoidal Functions

y(t) = Acog2mnfgt+0)
= Acogwpot + 0)

A = amplitude.

0 = phasqin radians).

fo = fundamentafrequeng (cycles/secondr Hz).

wp = 21tfp is theradianfrequeng (radians/sec).
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Parametersfor Sinusoid

For y(t) = Acod2rtfot + 0)

e PeriodT =1/ fo.

® Yppk = 2A

* Yawg = + [y cog2mfot +6)dt =0
® Vims = w =0.707A

Acog2rfot 4 6)

Yppk

1/fo

Figure2: Sinusoidafunction

Propertiesof Sinusoid

e Any periodicsignaly(t) canbedecomposedsa sumor linear
combinationof sinusoids.

e A lineartime invariantsystemtransformssinusoidsnto sinusoidswith
the SAME frequeng but with differentamplitudeanddifferentphase




Decompositionof Signalsinto Sinusoid

Any periodicsignaly(t)with periodT = 1/ fo canbedecomposeéhto asum
(linearcombination)of sinusoidsof differentfrequenciegcalledharmonics)

y(t) = Ao+ M A, cog2mfot 4 6;)
=1

where
e nfg is then-th harmonicof the fundamentafrequeng,
e A, is theFourieramplitudeof the n-th harmonic(A, > 0),
e 0y is theFourierphaseof then-th harmonic(—1t< 6 < 1),

e Agistheaveragevalueof y(t).

Thedecompositions calledthe Fourierseries.
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/ Figure3: Fourierapproximatiorof a periodicfunction K
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Fourier Coefficients

5.4373 | -1.1425
2.9302 | -1.3709
1.9832| -1.4646
-1.5208
1.1992| -1.5616
1.0005| -1.5946
0.8581| -1.6231
0.7511| -1.6488
0.6677 | -1.6726
-1.6951
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Fourier Amplitudes of Signal
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| LTI

A systemis linearandtime invariantif thefollowing two conditionshold.

20logy4 (A)
A
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1. If (x4(t),ya(t)) is aninput-outputpairand(x(t),ya(t)) is aninput-output
pair thenthe outputcorrespondingo theinputx; (t) + xo(t) is

-301 7 <“_.A.C ITV\NA.C
» : : , , 2. If (x(t),y(t)) is aninput-outputpair then(x(t — 1), y(t — 1)) is alsoan
° ° e ° “ input-outputpair for all 1.
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Propertiesof LTI System

LTI or Not LTI -
Fact: If

—3)?
X(t) +x(t —3) X(t) = Aincog 2mtfot + Bin)
then

y(t) = Aout cog21tfot + Bout)

For LTI outputfrequeng=inputfrequeng

/ o /
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Parametersof LTI system

e Gainof system:G = % = |H(fo)|. H(f) is calledthetransferfunction

of thesystem It tells usthe outputamplitudeof the signalat frequeng f.

Aot = [H(f)|Ain
e Phaseesponsef system= Bgy — Bin = ZH(f)
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Sinusoidalln, Sinusoidal Out

SameFrequency Differ ent Amplitude

x(t)
=)
X(t)
)

-1 -1

[¢] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
time(sec) time(sec)

Output for f=6Hz Output for f=7.5Hz

y(t)
o

y(t)
o
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[¢] 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
time(sec) time(sec)
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y(t) = x(t) — x(t — 0.125)

This mightrepresentvhathappensn awirelesscommunicatiorsystem
wherebythetransmittedsignalhasadirect“line of sight” pathto therecever
but anothempathwhich might be dueto areflectionoff of a building also
exists.
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Transfer Function

At frequeng 1 Hz the outputamplitudeis Aq = 0.7654andtheinput
amplitudeis Ain = 1. Thus|H(1)| = 0.7654.At frequeng 2 Hz the output
amplitudeis Agy = 1.4142andtheinputamplitudeis A, = 1. Thus
|H(2)| = 1.4142.
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Triangle In, SomethingElse Out

x(t)

-1 L L L L L I I
[¢] 1 2 3 4 5 6 7 8

time(sec)

y(t)
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[¢] 1 2 3 4 5 6 7 8
time(sec)
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Dynamic Range,Power, dBV

Thedynamicrangeof a systemis theratio of the largestamplitudeto the
smallestamplitude.A CD playerhasa dynamicrangeon the orderof 90dB.

Thepower gainof asystemin dB is

2
PaverGain(dB) = Ho_ooHob,ONF\N
.:\N

Adut

= 10log;g—>5-

A

Aout

= 20log;g——

Ji0 >5

A voltageis expressedn dBV unitsmeaningthatit is relative to a 1 volt
referencesoif v is voltagethenv(dBV) = 20log; (V). For examplel10 Volts
mmogm/\_ 100Volts=40dBV
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DeciBelUnits

Sometimeshe coeficientsA, in the Fourierseriesarevery small(e.g. 10-80)
andsometimeshe coeficientscanbevery large (e.g10°). For easeof
working with large andsmallnumberssimultaneousha logarithmicmeasure
hasbeenintroduced.

Aout

Ain’

If thegainis positive thenthe systemis amplifyingandAqy: > Ain. If thegain
is negative thenthe systemis attenuatingandAqy: < Ain. Operational
amplifiers(opampshave gainson the orderof 60dB(i.e. Agit = 10004;).
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