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1 FrequencyResponse

Much work in theaudio�eld requiresknowing thefrequencyresponseof somedevice, thatis, its responseto various
frequencies.

For example,measuringthefrequency responseof anaudioampli�er canbedonewith a signalgeneratorandan
AC voltmeter. Apply an AC signalat somefrequency of interestto the input andmeasurethe themagnitudeof the
input andoutputsignals.Theratio of outputvoltageto input voltagegivesthegainof ampli�er at that frequency. To
obtainthefrequency response,repeatthis measurementat variousfrequenciesandplot theresult. If thegainis equal
at all thetestfrequencies,wesaythatthefrequency responseis �at over thatfrequency range.

Measuringfrequency responseby handis tediousanderror-prone. In somecasessuchasloudspeakers,the fre-
quency responseis toocomplicatedto measureby hand.This is a measurementthatshouldbedoneautomatically.

Figure1: Userinterfaceof theNetwork Analyser.
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2 SyscompNetwork Analyser

Figure2: Network AnalyserSetup.Thewaveformgeneratoris
on theleft, theoscilloscopeon theright, andthePAT-4 preamp
at thebottom.Thelaptopshows amplitudeandphaseresponse
curves.

Back in the 80's, the Departmentof ElectricalEn-
gineeringat RyersonUniversityput togethera sys-
temof instrumentsto measurefrequency response.
Theequipmentincludedseveralunitsof HP equip-
mentin a 19 inch rack. An HP audiosweepgener-
atordrovetheDUT (deviceundertest).Attenuators
adjustedthesignalsin db steps.A logarithmiccon-
vertergeneratedaDC signalproportionalto theout-
put of theDUT. An X-Y penplottergeneratedhard
copy of thefrequency response.Thetotal costmust
havebeenover$10k.

This equipment,for all its expense,was not
portable1, requiredthattheinput signalto theDUT
be constantamplitude,anddid not show phasere-
sponse.

Fast forward to 2006. Two small instruments
– theSyscompWGM-101waveformgeneratorand
DSO-101oscilloscope– plus software running on
a laptopcomputer, cangeneratethesamemeasure-
mentsat a fraction of the costof the original sys-
tem. As a bonus,this systemalsomeasuresphase
response.

2.1 Control Panel

The userinterfaceof this network analyseris shown in �gure 1 on page1. Clockwisefrom the top left corner, the
functionsare:

� Controlsfor sweepfrequency rangeandamplitude,alongwith statusindicators.

� Amplitudeplot, verticaldbvs log frequency.

� Phaseplot, verticaldegreesvs log frequency

� Oscilloscopescreen,for checkingtheintegrity of thetestwaveform(to makesureit' snotclipped,for example).

Anotherwindow – usedprimarily for debugging– showsmessagesthatdetailtheprogressof thesweep.
Figure2 shows theequipmentsetup.In this case,thedevice undertestis anancientDynacoPAT-4 preampli�er.

TheSyscompWGM-101waveformgeneratorandDSO-101Oscilloscoperestonthetopof thepreampli�er. Thehost
laptopcomputeris off to theright.

2.2 Inter nals

Theoscilloscopehasa7-steppreampli�er in theusual1:2:5sequence.As thesweepproceedsthesoftwareadjuststhe
gainof thescopepreampfor thelargestpossiblesignalwithout clipping.

The waveform detectionis performedby correlatingthe signalagainstinphaseandquadraturereferencewave-
forms. As a consequenceof thecorrelationprocess,thesystemis verynoiseimmuneandhasa dynamicrangein the
orderof 60db.

1AlthoughI did onceborrow therackfor ameasurement,which requiredthehelpof severalstrongstudentsandapaneltruck.
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3 Preampli�er FrequencyResponse

3.1 Filters

The PAT-4 includesseveral switcheable�lters, primarily for noisereductionin old LP records. Their frequency
responsesareshown in �gure 3.

Figure3: Low-Frequency andHigh-Frequency Filters

� The top traceis the responsewith all �lters disabledandthe tonecontrolscentred. Notice that the response
extendsout to 100kHz.

� Thelow-frequency �lter beginsto decreaseresponsebelow 1kHz.

� Thethreehigh-frequency �lter settings:7kHz,10kHzand15kHz,all show a certaindegreeof peakingin their
cutoff region.

� Theregion100Hzto 1kHz is unaffectedby the�lters.

3.2 Loudness

ThePAT-4 includesa loudnessswitch. Thesensitivity of humanhearingat low frequenciesdecreasesassoundlevel
decreases.Theloudnessswitchenablesanamplitude-dependentlow-frequency boostcircuit2. Theeffectonfrequency
responseis seenin �gure 4.

Noticethattheuppertrace,correspondingto ahighervolumecontrolsetting,is almost�at. At lowervolumes,low
frequenciesareboostedrelative to mid frequencies.

2The effectivenessof the loudnesscontrol is questionable,sincethe amountof boostmustdependon soundlevel andthe soundlevel in the
listeningroomis notknown. An alternative approachis acontourcontrolwhichshapesthelow frequency responseaccordingto anoperatorsetting.
Thenthelistenercanselectthemostpleasingsetting.
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Figure4: Loudness

3.3 ToneControls

Figure5: ToneControls
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ThePAT-4 hasbassandtrebletonecontrols,whichmaybesetto boostor cut their respective frequencies.Theeffect
of thethesecontrolsis shown in �gure 5.

Theoscilloscopedisplayshowedthattheoutputwaveformof thepreampli�er wasclipping with eithercontrol in
theboostposition.Thepreampli�er volumecontrolwasreducedto avoid clipping.

� Thebasscontrolboostandcut arenot symmetrical:theavailableboostis greaterthantheavailablecut.

� Thetreblecontrolcontinuesto functionwell pasttheupperlimit of audiofrequencies(20kHz).

� In the�at position(tonecontrolscentred),thefrequency responseactuallyrisesa few dbat high frequencies.

4 Loudspeaker Impedance

Figure6: Loudspeaker Impedance

The impedanceof a moving-coil loud-
speaker driver is not constant. The mov-
ing cone and suspensionform a mass-
springsystemwhichresonatesataparticu-
lar frequency. Theelectricalimpedanceof
theloudspeaker thenappearsasa parallel-
resonantcircuit - the magnituderisesto a
peakvalueandthe phaseswingsabruptly
from leadingto lagging. At the resonant
frequency, the phaseof the impedanceis
zero, and this provides a precisemethod
of identifying the exact frequency of res-
onance.

Theresonantfrequency of adriverunit
mustbeknown to designa suitableenclo-
surefor the driver. For example,a bass-
re�ex designrequiresthattheresonantfre-
quency of theport matchtheresonantfre-
quency of thebassdriver.

As well, in many speaker designs,the
outputsoundpressurelevel of thespeaker
dropsprecipitouslybelow the driver reso-
nantfrequency, soresonantfrequency is an
indicatorof thelow-frequency rangeof the
driver.

Figure 6 shows the results of a
measurementof loudspeaker impedance
for a small bookshelf speaker (Realistic
Minimus-7).

The outputof the generatordrivesthe
loudspeaker via a 1k5
 resistor. The resistoris much larger thanthe speaker impedanceso the speaker currentis
approximatelyconstant. The generatoroutput feedsthe network analyserreferencechanneland the loudspeaker
voltagefeedsthenetwork analysersignalchannel.As thefrequency is swept,thevaryingspeaker impedancecreates
a varyingvoltagewhich increasesanddecreaseswith speaker impedance.
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5 Noteon the Diagrams

For the purposeof thesemeasurements,the network analysersoftwarewas run underthe Windows XP operating
system.(It will run equallywell underLinux or Macintoshoperatingsystems).

Eachscreenimagewascapturedusing<alt><PrtScr> (pressthe alt andPrtScr (or Print Screen )
buttonssimultaneously).Thiscapturestheactivewindow to aclipboard.

Theclipboardwasthenpasted(usingtheEdit->Paste command)into Microsoft Paint
(Program->Accessories->Paint ). Fromthepaintprogram,it wassavedto a jpeg �le andmovedvia usbkey
to a Linux system.

In the Linux system,the imagewas croppedusing the imagemanipulationprogramxv and then saved as a
postscript�le.

Thepostscript�le wasincorporatedinto theLATEXsourcecodeusingthe\includegraphics command.
Capturingscreenshotsis abit morestraightforwardunderLinux, thexv programcancaptureanareaof thescreen

directly.

6 Resources

Theinternalsof thenetwork analyserareexplainedin thepaperA Software-BasedNetworkAnalyzer, PeterHiscocks
andJamesGaston,June2006whichisavailablefrom theSyscompwebsiteat http:\\www.syscompdesign.com .

A similar article, A NetworkAnalyserUsing ProgrammableInstruments, waspublishedin the September2006
issueof Circuit Cellarmagazine.

Sourcecodefor theoscilloscope,waveformgeneratorandnetwork analyseris OpenSoftwareavailableunderthe
GPL from Sourceforgeat theOpenInstrumentationProject,http://sourceforge.net/projects/oip .

Informationon theoscilloscopeandwaveformgeneratorhardwareis availableat
http://www.syscompdesign.com .
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