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Lecture #11
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DTFT Properties and Examples
Duality in FS & FT

Magnitude/Phase of Transforms
and Frequency Responses




Convolution Property Example

hln] = a"u[n], z[n] = (" uln]  |af,[8] <1
. 1 . 1
H(e™) = oo X&) == Be—iw
J

y[n] = hin] * z[n] «— Y (/) = (1 — ;e—jw) <1 _ ;e—jw>

- ratio of polynomials in e™7%

. PFE A B
Y (eIY) = . .

A, B - determined by partial fraction expansion

yin] = Aa"uln] + BB u|n]

. 2
B=a:Y(e")= 1
1 — e i

yln] = ,dX(ejw), yn| = (n + 1)a"u[n|

nx(n| < j 7




DT LTI System Described by LCCDE’s
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Example:  First-order recursive system
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(1 — ae™ )Y (/%) = X (&%)

H(el) = — =




DTFT Multiplication Property
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/ Calculating Periodic Convolutions \

Suppose we integrate from —m to m:
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Duality in Fourier Analysis
Fourier Transform is highly symmetric

CTFT: Bothtime and frequency are continuous and in general aperiodic

t
:@ / X ‘7 w @ dw Same except for

these differences
/ () at

Y
Suppose f(-) and g(-) are two functions related by

s = [ g

—

Then

Let 7 =t and r = w: r1(t) = g(t) — X1 (jw) = f(w)
Let 7 = —w and r = t: z2(t) = f(1) «— X2(jw) = 2mg(—w)




Example of CTFT duality
Square pulse in either time or frequency domain
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DTFS

Discrete & periodic in time «—— Periodic & discrete in frequency

. 2T
)= Y aed™ " =an+ N, wo ==
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ak > x[n]fojkwon = Gk+N
=<N>
Duality in DTFS
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DTFT
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/ CTFS-DTFT Duality \
Suppose f(-) is a CT signal and g¢[-] a DT sequence related by

+ o0

f(r) = Z g[m]e!™ = f(r 4 27)

m=—00

Then

x(t) = f(t) +— ax = glk]
(periodic with period 27)

\ z[n] = g[n] «— X (%) = f(-w) /




Parseval Relation:

Magnitude and Phase of FT, and Parseval Relation
x(t) = 1 /OO X (jw)e’tdw
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Effects of Phase

Not on signal energy distribution as a function of frequency

Can have dramatic effect on signal shape/character

— Constructive/Destructive interference

Is that important?

— Depends on the signal and the context




Demo:
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1) Effect of phase on Fourier Series
2) Effect of phase on image processing
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Log-Magnitude and Phase

Y

H(jw)

I
Y (jw)| = [H(w)| - [X(jw)

~y(t)

or

log |Y'(jw)| = log [H (jw)| + log | X (jw)|

and

/Y (jw) = /H(jw) + /X (jw)

Cascading;:

Y

Y

Hi (jw)

Hj(jw)

Y

LH(jw) = LH)(jw) + LHz(jw)

\ log |H (jw)| = log | H1(jw)| + log |Ha(jw)]

} Easy toay




Plotting Log-Magnitude and Phase

For real-valued signals and systems

' ; Plot for ® > 0, often with a
H(— - |H >0,
‘ZH((—JQ:LE _ _‘Zl(j(wi‘)) } = logarithmic scale for

/ B J frequency in CT

In DT, need only plot for 0 < o <t (with /inear scale)

For historical reasons, log-magnitude is usually plotted in units
of decibels (dB): (1 pel = 10 decibels = 2WRuL pOwer _ ()

input power

7 bower o~ magnitude
10log; ‘H(jw)‘Q = 20log;o [H(jw)|
H(jw)| = — 0dB
H(jw)|=v2 — ~3dB
H(jw)]=2 — ~6dB  So...20dB or 2 bels:
H(jw)|=10 — 20dB =10 amplitude.gain
H(]w) — 100 — 40dB =100 power gain




A Typical Bode plot for a second-order CT system
20 log|H(jw)| and £ H(jw) vs. log ®
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A typical plot of the magnitude and phase of a second-
order DT frequency response
20log|H(¢?)| and £ H(€?) vs. ®

20 logyo IH (el @)1

: For real signals,
ZH]el®) : 0to mis enough




	Signals and SystemsFall 2003 Lecture #119 October 2003
	Convolution Property Example
	DT LTI System Described by LCCDE’s
	Example:First-order recursive system
	DTFT Multiplication Property
	Calculating Periodic Convolutions
	Example:
	Duality in Fourier AnalysisFourier Transform is highly symmetric
	Example of CTFT dualitySquare pulse in either time or frequency domain
	DTFS
	Duality between CTFS and DTFT
	CTFS-DTFT Duality
	Magnitude and Phase of FT, and Parseval Relation
	Effects of Phase
	Demo:1) Effect of phase on Fourier Series2) Effect of phase on image processing
	Log-Magnitude and Phase
	Plotting Log-Magnitude and Phase
	A Typical Bode plot for a second-order CT system20 log|H(j)| and  H(j) vs. log 
	A typical plot of the magnitude and phase of a second-order DT frequency response 20log|H(ej)| and  H(ej) vs. 


<<
  /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 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


