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1 FrequencyResponse

Muchwork in theaudio eld requiresknowing thefrequencyresponsef somedevice, thatis, its responseo various
frequencies.

For example,measuringhe frequeny responsef anaudioampli er canbe donewith a signalgeneratoandan
AC voltmeter Apply an AC signalat somefrequeng of interestto the input andmeasurehe the magnitudeof the
input andoutputsignals.Theratio of outputvoltageto input voltagegivesthe gain of ampli er atthatfrequeng. To
obtainthefrequeny responsetrepeathis measuremerdt variousfrequenciegandplot theresult. If thegainis equal
atall thetestfrequenciesye saythatthefrequeng responsés at overthatfrequeng range.

Measuringfrequeng responsdy handis tediousanderrorprone. In somecasessuchasloudspeakrs,the fre-
gueng responsés too complicatedo measurdy hand.This is ameasuremerthatshouldbe doneautomatically
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Figurel: Userinterfaceof the Network Analyser



2 SyscompNetwork Analyser

Backin the 80's, the Departmenbf Electrical En-
gineeringat RyersonUniversity put togethera sys-
tem of instrumentgo measurdrequeng response.
The equipmenincludedsereral units of HP equip-
mentin a 19 inch rack. An HP audiosweepgener
atordrovethe DUT (device undertest). Attenuators
adjustedhesignalsin db steps.A logarithmiccon-
vertergenerate@ DC signalproportionako theout-
putof the DUT. An X-Y penplottergeneratedhard
copy of thefrequeng responseThetotal costmust
have beenover $10k.

This equipment,for all its expense,was not
portablé, requiredthatthe input signalto the DUT
be constantamplitude,and did not shov phasere-
sponse.

Fastforward to 2006. Two small instruments
— the SyscompWGM-101 waveform generatoand
DSO-101oscilloscope- plus software running on
a laptopcomputey cangeneratehe samemeasure-
mentsat a fraction of the costof the original sys-
tem. As a bonus,this systemalso measurephase
response.

Figure2: Network AnalyserSetup.Thewaveformgeneratois
ontheleft, the oscilloscopeon theright, andthe PAT-4 preamp
atthebottom. The laptopshovs amplitudeandphaseresponse
curves.

2.1 Control Panel

The userinterfaceof this network analyseris shavn in gure 1 on pagel. Clockwisefrom thetop left corner the
functionsare:

Controlsfor sweepfrequeng rangeandamplitude alongwith statusindicators.

Amplitudeplot, verticaldb vs log frequeng.

Phaseplot, verticaldegreesvs log frequeng

Oscilloscopescreenfor checkingtheintegrity of thetestwaveform(to make sureit' s notclipped,for example).

Anotherwindow — usedprimarily for delugging— shovs messagethatdetailthe progresf the sweep.

Figure2 showvs the equipmentsetup.In this case the device undertestis anancientDynacoPAT-4 preampli er.
The SyscompNGM-101waveformgeneratoandDSO-1010scilloscopaestonthetop of thepreampli er. Thehost
laptopcomputertis off to theright.

2.2 Internals

Theoscilloscopéhasa 7-steppreampli erin theusuall:2:5sequenceAs the sweeproceedshe softwareadjuststhe
gainof thescopepreampfor thelargestpossiblesignalwithout clipping.

The waveform detectionis performedby correlatingthe signal againstinphaseand quadraturereferencenvave-
forms. As a consequencef the correlationprocessthe systemis very noiseimmuneandhasa dynamicrangein the
orderof 60dh

1Althoughl did onceborrow therackfor ameasurementyhich requiredthe help of several strongstudentsanda paneltruck.




3 Preampli er FrequencyResponse
3.1 Filters

The PAT-4 includesseveral switcheablelters, primarily for noisereductionin old LP records. Their frequengy
responseareshovnin gure 3.

Figure3: Low-Frequenyg andHigh-Frequeng Filters

Thetop traceis the responsewith all Iters disabledandthe tone controlscentred. Notice thatthe response
extendsoutto 100kHz.

Thelow-frequeng Iter beginsto decreaseesponsdelov 1kHz.

Thethreehigh-frequeng lter settings:7kHz, 10kHzand15kHz,all shawv a certaindegreeof peakingin their
cutoff region.

Theregion 100Hzto 1kHz is unafectedby the lters.

3.2 Loudness

The PAT-4 includesa loudnessswitch. The sensitvity of humanhearingat low frequenciesiecreaseassoundlevel
decreasesTheloudnesswitchenablesinamplitude-dependetaw-frequeng boostcircuit?. Theeffectonfrequeny
responsés seenin gure 4.

Noticethattheuppertrace,correspondingo a highervolumecontrolsetting,is almost at. At lowervolumesJow
frequenciesreboostedelative to mid frequencies.

2The effectivenessof the loudnesscontrol is questionablesincethe amountof boostmustdependon soundlevel andthe soundlevel in the
listeningroomis notknown. An alternatve approachs acontourcontrolwhich shapeshelow frequeng responsaccordingo anoperatorsetting.
Thenthelistenercanselectthe mostpleasingsetting.



Figure4: Loudness

3.3 ToneControls

Figure5: ToneControls



The PAT-4 hasbassandtrebletonecontrols,which maybe setto boostor cut their respectie frequenciesThe effect
of thethesecontrolsis shavnin gure 5.

The oscilloscopalisplayshoved thatthe outputwaveform of the preampli er wasclipping with eithercontrolin
theboostposition. The preampli er volumecontrolwasreducedo avoid clipping.

Thebasscontrolboostandcut arenot symmetrical:the availableboostis greatetthanthe availablecut.
Thetreblecontrolcontinuedo functionwell pasttheupperlimit of audiofrequencie$20kHz).

In the at position(tonecontrolscentred)thefrequeng responseactuallyrisesafew db athigh frequencies.

4 Loudspeaker Impedance

The impedanceof a moving-coil loud-
spealer driver is not constant. The mov-
ing cone and suspensionform a mass-
springsystemwhichresonatesta particu-
lar frequeng. Theelectricalimpedanceof
theloudspeakrthenappearsasa parallel-
resonantircuit - the magnituderisesto a
peakvalue andthe phaseswingsabruptly
from leadingto lagging. At the resonant
frequeng, the phaseof the impedanceis
zero, and this provides a precisemethod
of identifying the exact frequeny of res-
onance.

Theresonanfrequeng of adriverunit
mustbe known to designa suitableenclo-
surefor the driver. For example,a bass-
re ex designrequireshattheresonanfre-
guengy of the port matchthe resonanfre-
gueng of thebassdriver.

As well, in mary spealer designsthe
outputsoundpressurdevel of the spealer
dropsprecipitouslybelon the driver reso-
nantfrequeng, soresonanfrequeng is an
indicatorof thelow-frequeng rangeof the
driver.

Figure 6 shaws the results of a
measuremendf loudspeakr impedance
for a small bookshelf spealer (Realistic
Minimus-7).

The outputof the generatodrivesthe
loudspeakr via a 1k5 resistor The resistoris muchlarger thanthe spealer impedanceso the spealer currentis
approximatelyconstant. The generatoroutput feedsthe network analyserreferencechanneland the loudspeakr
voltagefeedsthe network analyseisignalchannel As the frequeng is swept,the varying spealerimpedancereates
avaryingvoltagewhichincreasesnddecreasewith spealerimpedance.

Figure6: Loudspeakrimpedance



5 Noteon the Diagrams

For the purposeof thesemeasurementghe network analysersoftware was run underthe Windows XP operating
system (It will run equallywell underLinux or Macintoshoperatingsystems).

Eachscreenimagewas capturedusing <alt><PrtScr> (pressthealt andPrtScr (or Print  Screen )
buttonssimultaneously)This captureghe active window to a clipboard.

Theclipboardwasthenpastedusingthe Edit->Paste = command)jnto Microsoft Paint
(Program->Accessories->Paint ). Fromthe paintprogram,it wassavedto ajpeg le andmovedvia usbley
to aLinux system.

In the Linux system,the image was croppedusing the image manipulationprogramxv and then saved as a
postscriptle.

Thepostscriptle wasincorporatednto the IATeXsourcecodeusingthe\includegraphics command.

Capturingscreenshotis a bit morestraightforvardunderLinux, thexv programcancaptureanareaof thescreen
directly.

6 Resources

Theinternalsof the network analyserareexplainedin the paperA Softwae-Based\etworkAnalyzer PeterHiscocks
andJamessaston,June2006whichis availablefrom theSyscompwvebsiteat http:\\www.syscompdesign.com

A similar article, A NetworkAnalyserUsing Programmablelnstrumentswas publishedin the Septembef006
issueof Circuit Cellarmagazine.

Sourcecodefor the oscilloscopewaveformgeneratoandnetwork analyselis OpenSoftwareavailableunderthe
GPL from Sourcefogeatthe OpeninstrumentatiorProject,http://sourceforge.net/projects/oip

Informationon the oscilloscopeandwaveformgeneratohardwareis availableat
http://lwww.syscompdesign.com



