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Quiz 2 Details

o Date: Wednesday April 7th, 2010
o [ime: 7.30pm—9.30pm

o Content: (boundaries inclusive)

e |ectures 1-15
e Recitations 1-15
e Homeworks 1-8
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Review Outline

e CT and DT system representations

e The impulse response

e Convolution

e Eigenfunctions

e Frequency response

e Complex numbers and vector methods
e Bode plots

e Feedback and Control

e Fourier series
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CT and DT System Representations

Verbal descriptions: The answer to "what does this system do to

a signal at its input?”

Difference/differential equations: Mathematically compact and

show the explicit mathematical relationship between
input/output.
yln] = x[n] + zoy[n — 1]
Block diagrams: lllustrate signal flow paths
Operator representations: Analyze systems as polynomials.

Y 1

Y - 1— ZoR
Transforms: Represents differential /difference equations with
algebraic equations

Z

H(z) =

Z — 2
LTI systems: representation by the impulse response
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The Impulse Response

Why does this make sense?

e Because every signal can be thought of in terms of a sum (or

superposition) of shifted and scaled unit samples.
e From Linearity of the system:

x|n] = axa[n] + exa|[n] + c3x3(n]
ylnl = ayln] + cy2[n] + c3y3[n]
e From Time Invariance of the system:
x[n] = x1[n — ng]
y[n] = y1[n — no]
e Putting these together:
x[n] = —=20[n + 1] 4+ 26[n] + é[n — 1]
y|n] = —2h[n + 1] + 2h[n] 4 h[n — 1]
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Convolution

In previous example -2, 2, and 1 multiplying the shifted responses to
do[n] are actually values of x[k| for k=-1,0,1

In general:
x[n] = Y x[k]6[n — K]
ylnl = Y x[klh[n — K]

This is known as convolution
y[n] = x[n] % h[n] = (x * h)[n]
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Convolution (cont)

Some important concepts from convolution:
e Graphical interpretation: flip, shift, multiply, and sum!
e Convolution with an impulse

x(t) *0(t) = x(t)
e Convolution with a shifted impulse
x(t) xo(t — tp) = x(t — to)

e The Laplace/Z transform of convolution is multiplication

e Review HW5 Q3
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Eigenfunctions

When an eigenfunction is used as an input, the output is just a scaled
version of the input.

Claim: Eternal exponentials are eigenfunctions of LTI systems:

LTI

BSt >
h(t)

—> H(s)es

Proof:

y(t) = (h*x)(t) = /OO h(T)e*t=Tdr

— OO

= esot/ h(T)e ®"dr

0. @)

= e H(s)|s=s, = €° H(sp)
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Frequency Response
H(s)|s=j
Why do we call this the frequency response?

Example: If the input to a system is a cosine, what is the output?

1 1

X(t) — COS(wot) — _ejw0t + _e—jwot
2 2
1 ' wot 1 . —Jjwot
y(t) = §H(on)ej o+ §H(—Jw0)e Je0

= Re{H(jwo)e/**'} = Re{|H(jwg)|e/“HUwo) giwoty
_ |H(jw0)|Re{ej(wot—l—4H(jwo)}
= |H(jwo)|cos(wot + ZH(jwo))
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Complex Numbers and Vector Methods

We can think of complex numbers as vectors in the complex plane
with magnitude r and angle 6.

a—|—_jb _ \/32 I bzejarctan(g) _ rej@

This can help us graphically compute the frequency response.
For example:

Jw + a1)(jw + a2)
(Jw + a3)(jw + ag)
rlefelrgeie2

Hijw) =

B I ej(91+92_93_94)

I3ry

rr

Hjw)| = —

31y

ZH(de) — (91 + (92 — (93 — (94
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Bode Plots

e The amplitude of H(jw) tells us how much an incoming cosine
with frequency w will be scaled.

o The phase of H(jw) tells us how much an incoming cosine with
frequency w will shift its argument (angle).

Thus, we would like to know how amplitude and phase of H(jw)
change with w. These plots are called Bode Plots.

The magnitude is typically in dB, plotted against w in the log scale.

Has(jw)| = 20log |H(jw)|
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Bode Plots (cont)

Bode plots are most easily constructed using isolated building blocks.
log Hi(s)Ha(s)Hs(s) = log Hi(s) + log Ha(s) + log Hs(s)
For real poles and zeros use these first order building blocks:

H(s) =s, H(s) = % H(s) =s+a, H(s) = :13

If the system has complex poles use 2nd order building blocks:
A

I+ (E)

Wo

H(s)

Complex poles of real systems will come in complex conjugate pairs.

s 1, ] 1’
5204 ()

High ) means slow decay rate and fast oscillations
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Feedback and Control

X—»@E—> . C = > Y

controller plant

S

sensor

e Black's Equation!
H(s) = feed through transmission/(1 — looptransmission)

e Stability (for causal systems): Re(s) < 0 for CT, |z| < 1 for DT
e Stability (in general): jw axis (unit circle for DT) in the ROC

e A system is said to be BIBO stable if any bounded input
produces a bounded output. A system has BIBO stability if the
impulse response is absolutely integrable (summable) (HW7 Q3)
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Fourier Series

e Periodic signals can be represented by a sum of harmonics

e The integral over one period of a harmonic is equal to zero,
except for k=O0.

/ e/*otdt = TE[k]
-

e The "analysis” equation gives us the Fourier coefficients

1 . 2m
ax = ?/Tx(t)eszktdt

e The "synthesis’ equation reconstructs the periodic signal

o

x(t)=x(t+T)= > aeTh

k=—o0
e This representation allows us to think of systems as filters
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End of Review

Good luck on Wednesday! :-)

(Massachusetts Institute of Technology) Quiz Il Review April 5, 2010 15 / 15



MIT OpenCourseWare
http://ocw.mit.edu

6.003 Signals and Systems
Spring 2010

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms.


http://ocw.mit.edu
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


