M E 345 Professor John M. Cimbala Lecture 22

Today, we will:

Do some example problems — Filters
Review the pdf module: Digital Filters

Example: Low-pass filter circuit

Given: The following components are available:
. two resistors, 10.0 kQ and 87.0kQ) vt by — \N) m Eilve o ouT
. a capacitance decade box Dgwa sad nove

The input voltage contains a signal frequency of 50 Hz, and some unwanted noise at 1000
Hz. We want to amplify the signal, with Gympiifier # 8.5, and we decide to use a first-order
low-pass filter with a cutoff frequency of 200 Hz to attenuate the noise.

(a) To do: Draw the filter circuit and calculate the required capacitance.
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(b) To do: Calculate the overall gain of both the signal and the noise, and calculate how
well we have improved the signal-to-noise ratio (SNR). Note: SNR is the ratio of signal
power to noise power. Since electrical power is proportional to voltage’, we define SNR as

e Power, ., _ Veigna
Power, .. B V )

Solution: "

C. - L Rwpl fir *} ouT

Sléﬁ'i’~ from = Goxm\\“ Gm('GaW —“ t’ ‘
\
(‘e,oa\\ & 6\ 5t e = (&SOBW
\m.r Yol &\‘\\f' - (3““’"‘) v 200

.:. G Xl\_\ /X\ 1\ “ 5{ —\1\
Iy O U (1 e Mhipir e ovemd gon ¢
m&\ 5\5,\,,\ (‘\'Lc So Wy Qmpng,&,)

signal

noise

2
j , or in terms of decibels, SNR 2010&0[




'&\QWC\' B e M\hjm @ ‘Q‘— (000 Wy

G-o\/'uz\\’ am (X SQSS woo N = \_é(jp

N@nu. — Cv & &(yn‘\ TL\S 1 “\’k.. werz\l 56&\

vl . |
% W o> GWV&\‘ of Naije o0 Yhe Aol
Whick 1§ Wt Wt Ogire — e Al wil ]n\pqu_ The S‘g’m\"ﬂ\s—nwb ik

COM?M Nee M‘lgw.\ SP‘@ T e X\Jhﬁ\ (An&'\?onu& (2. \ew \oﬁjj Qh‘md)

@N Q) K ; SNR.
bf\ama\

QSNQ - <8'Lm v\w\

\.t61e \\/\ i

,WQ_ Cdl*)e o{' {LOJQ_ 1y ‘n\e
lw\(rwv-mw‘s,

NQ%‘Q/‘. \}\‘?. are, /\‘Q." J“”M m

/ Viluy  of \V\l",;v\ % \\/\NVL)

S Yw, v A, ot ok e
LSN@BME)-M {6 \-\L\" M.S O oaloolde The @'

Sg We have \w\gm\ro\ e SR by G facdor & g 19)
ﬁ \0\;‘(\\'_\) o low- Pey L% 1n Vine  betvta The ﬁ,mp\\‘fw ‘Y:ﬁ’k,, B}\Q

e{\fw\m Wae : Whey, Thte 15 Wit ‘V\U\s {fﬂvr-ny nye  We Chn
Wngeavt The fignel “ Ay - ot abe by Winy 0 ow-pay Hlee and

)ﬂ'\t. "“'\\‘\f m\jq rtéﬂruj Ihe eo“en'\h\ 0{ a\\&jl;\j

UY\'Q\\)YUQA (MU L\;‘,\q«{rﬁumb nmJeS
_— 'gn\*tfd (\M. WNave (‘Qé\»w) o’
W ' L AWRenusTed dwe \nv\,« 'Fﬂ%um_ty noife,
(_h\:‘ (\Q—\ %Me\g’\'g\y’x




Example: Digital data acquisition and Filters

Given: A voltage signal has a frequency around 100 Hz, and ranges from 5.0 to 6.0
volts. There is also some unwanted AC noise at a frequency around 5000 Hz, with an
amplitude of £0.005 V. The digital data acquisition system is 12-bit, and has a range from -5
to 5 volts.

(a) To do: Calculate an appropriate DC offset and gain in order to utilize the full range of
the A/D system. \-_\At AW ledre bate how 1o buld Inese
Solution: DC offset =—-Y.YV|, Gain =\ ‘ Orwidr (DC ofgex ¢ M\f\.%e/)
Schematic diagram of the circuitry:
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(b) To do: Design a first-order filter with these requirements: ® “‘JL{”‘{;
. Use resistors and capacitors only Uie e noe

nie ot
Don’t attenuate the 100 Hz signal by more than 25% (after the gain). Cange o B DRQ

Attenuate the 5000 Hz noise to lower than the quantizing error of the A/D system (in
other words, remove it completely, since its amplitude will be reduced to the noise level
of the A/D converter).

Solution: @X &9& GASwers and é\_((uj/,ans 0‘00\/{,\
@/“\ert 0re Nwo ‘Qm\p\.&m} Wth our of \j(m\ Seffup'.

&\3 &\31\&\ 1) (,\\P‘“) (‘a\\ ' V\\VJ&/ we >5V _ XY ‘]’1\:7 Woul ¥ be
C\\geo) b e TN SV AN ‘MVUTVB

(1) Cuen oty wio phbe B sgmd Bain D avod chpny e
hee Wfing G Sondl parhin & e AN e

Q’QS)N oy V = Y oyt ol of -5 K g\/: IAY; A/D)

K_\m 0o Uiy oty V™ o W avalable e & e AM }}




Q)
K‘ Lﬁ\,k\’“] ‘Q\\*ci-,

\ S
'F\Gk Crl*‘ﬁf\or\ — Ul @\ c. Cc 0"'!7 ({M/»v&. \ - o( AQH \Q""'\,kjj £\W>

. No\,) o,;-\ @ \Q\,o, \MU {:.\\-u- "\\ Rmove Al L\U\n 'Cfttumy nofe.

) Cﬁ\c\,\o.'\'?_ e MINwum (,u'\m’eg 'E""eg\ktnt_f) Sodh Thad The  Jecond
—

Crverion 1f meX —> Al S\Jnﬁ\ @ Q9 Wy e nunate) by b
Mere Yren 24 2§, G 05 @ loo Haﬂ

\
. ‘:Qr I %\q\-—or&r e nN=1 G, -
2 - g_/_c:l
. \ N Q{Cv'\'oﬁy
“Se & —QL\.\-&# - £ _i’-
( Culeft =
\etving out Ahe L -\
ﬂ\‘ge.\oﬁs GIL

199 Wx

'P\\ﬂ n ‘Q:\QO Hx :i' Q-' 01y - -Qw*o‘ff — :\R.H—t

—_—

) B@;;YL -y =

/‘1\\5 \/ﬁ\\n_ 0¥ -Ql/u*o‘ﬂ < \.\3 \’\'b ' ’\/\'\Q— \Q\"Rf‘ \;';""gfr , LQO&V]Q.

—
——

al\ﬁ _G(M*o‘ef > \\,} H'L \A\l\\ J'\V\\‘h )()M' Qﬁ& \Y\Q_\, N The
Cigt % Wl mike G > 075 Culi ) ke ged,
C‘I (\oj f(rl\&B

—_— — — ——— e >~

oS — \ T J——

0N DI~ T T

(VIR

(w\@\@” G e L<log Wy gt

SR C\csg‘ o \)

0.00\ ) /v ;\7
NN Elrg (b st




) Crikne, — Remore e hyh Koqunsy noye completel,

. R.?zéh\\/ Quan‘\h'?gfnj e (el Q‘Q )ﬂ\.!. P\/b @AW = ‘\_: \,ma,,-\/vmi\

- Vs N+ )
N=\1 Vi * 2

\ ) Y
\J\ue Pud s \’L-\ﬂ‘k S\, @Gage IS ES hs V

SQ) Cg\ao.ﬁhfhv ercer = ’_‘l S- (-S\v

4
N —n = L b V

1

“ Qur FARRTRG Meawete The  Sooo Ky woe  Gmplihde o mudh,
Y Y 9er Moy I Ahe 1u4“'\wwfz\») e o the A as

.\\\u.( -kzr\-v} \:b\.ov-’ W
J, /n\ ‘SQ nowt  We cilou\ gte e U.\a\f(,f‘
. ¥ \hr oy ’ —
A D o / e ey \_\:n}i( 3 £ kol It Wl kM
S f— TE e O‘Mf\"*“)" ¥ e novfe 65 fhaon T The lef
re;\r%\ Soth "

(o) —

< J{\-w. NWO\(e ‘Q\\»'\'\;."bsv\.f
o Wwe ke Smelly then T0.005 V. but we dng\\{y by Ie
- One b e wil\ —

¢ Co,v'hn“n - /\Lo\ ne\fe amf,lr&u;c \§

SOJ 'n\e. d"\‘;\r\v&. o{ ’n.e, noe gv)y

_ M\' Lo a,\’\t, '\\
-5 — heasure X | Iy Yhe A/D g net T 0005V
' bt 15 Y deg v
\/ /,Qvan'\'m«:, un;‘ -
\ _ ¥ T 0,00\ V ..
Sex G-\ - \: \ - ° \: 0.0y = Mmmum € kil
In * 6(}5\/ —_— Al Y nolse

\\’ Omg\s‘\'u& of e nviye
Covo Wr

£
e fap o0 c—— = L. Wy

A Ty vilee o Crgr W The Uppe ik | dnte gy Totede <10 Wa

Wau b O:)‘&%\h&“ﬂ The MIfe  eNen Mql‘g_\




g Sm's W (g w2l

\% IA\v\) Loore 4\ My shidy e Bl p¥ e lefy 5 G
i = Tow Hx uml) be even Smiller Mg Ao ?t,gmr‘elv\ent

' %M*"’ Nee ) \\2 < ’gc\dhﬁé 2 \'\'%_ N Meev

A\ )(\\Q_ Cr\-\-er '
e

We bk € n dhe Ml e Pk Qm&e = \7 W

. P\u\\z A Cippuinr — C: VAR }).? oa \Om\au\ar ene ,\1\\*]/
S S \
K I % Q (A (\\’\ y (@ \00 %19 ﬂ )(/ \()/9()

Uf\\ Canvednn ‘Fau\-.,(
R: \ZICQQJ\_ or \RC V3.6 \Q\ﬂ:\ > '

Tl e Re V3 kL g«\m vy will do Mo pb fe u |
C= O\ ,M





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


