
California StateUniversity, Fresno
Department of Electrical and Computer Engineering

ECE90L Principlesof ElectronicCircuitsLaboratory

ExperimentNo. 1: Introductionto theDigital StorageOscilloscope

Intr oduction

Welcometo thePrinciplesof ElectronicCircuitsLaboratory. Youwill �nd thefollowing equipmentonyour labbench:

¢Tektronix2221ADigital Storage/AnalogNonstorageOscilloscope
¢TektronixTM 506APowerModulecontaining:

DM 504AAutorangingDigital Multi-Meter (DMM)
DC 504ACounter/Timer
FG50211MHz FunctionGenerator
PS503ADualPowerSupply

¢Dual§ 12V powersupplywith breadboard

Within the cabinetsare: BNC cables,bananaplug adapters,variableresistors,capacitors,andinductors,additional
powersupplies,andotherequipmentthatwill bemadeavailableto youover thecourseof thesemesterasyouperform
yourexperiments.Youshouldidentify eachof theabove equipmenton thelabbenchbeforeproceeding.

Objective

The �rst experimentis intendedto be an introductionto someof the hardwareavailableto you in the laboratory—
speci�cally theTektronix2221Aoscilloscope,theDM 504ADigital Multi-Meter (DMM), theDC504ACounter/Timer,
andthe FG 502 FunctionGenerator. An oscilloscope(scope)is an electronicinstrumentthat displaysa voltagein-
put on a screenasa functionof time, andis typically usedto displayandmeasurerepetitive waveformsor transient
signals. It is oneof the importantdiagnostictools that canbe usedby an Electricalor ComputerEngineer. In the
processof learningaboutthe functionality of an oscilloscope,you will also learnhow to measurethe voltageand
period/frequency of varioussignals.

The Tektronix 2221AOscilloscope

Oscilloscopesareusedby engineersandtechniciansto displayvoltagewaveformsandsignalsasa functionof time.
The displayconsistsof a glasscathoderay tube(CRT), an electrongun,x- andy-de�ection plates,anda phosphor
screenthat emits light whenstruckwith a focusedelectronbeam. The spotof light canbe moved aroundby hori-
zontallyandvertically de�ecting thebeamof electrons,andif movedrapidly enough,themoving spotwill have the
appearanceof displayinganimageonthescreen.Horizontalde�ection typically occursfrom left to right ataconstant
speedcalledthesweeprate,while verticalde�ection occursin responseto thestrengthof theappliedvoltage,result-
ing in a plot of thewaveform.Thehorizontalsweepis generatedby applyinga triggered,sawtoothvoltagewaveform
(createdinternally)acrossthex-de�ection plates.

Figure1 illustratesthe “sawtooth” voltagewaveform appliedto the horizontalde�ection points. At point A of the
cycle,thebeamstartsto sweepthescreen,uniformly, from left to right. At pointB, thebeampassesthroughthecenter
of thescreenand,atC, is at theright endof its trace.Thebeamthenquickly “jumps” backto thestartingpoint at A0

within a few nanoseconds,wherea new cycle begins. Both thesweeprateandtheverticalsensitivity canbeadjusted
by usingcontrolson thefront panelof theoscilloscope,anexampleof which is shown in Figure2.
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Figure1: The“sawtooth” shapeof thesweepingvoltageV(t). At point A of thecycle, thebeamstartsto sweepthe
screen,uniformly, from left to right. At point B, thebeampassesthroughthecenterof thescreenand,atC, is at the
right endof thetrace.Thebeamthenquickly “jumps” backto thestartingpointatA0within afew nanoseconds,where
anew cyclebegins.

Display Controls
To begin, turn on the oscilloscopeby pressingthe ON/OFFbutton nearthe lower right handcornerof the screen.
BecausetheTektronix2221Ais a dual input oscilloscope,you canchooseto displaya voltagewaveformfrom either
1 of 2 inputs(or bothsimultaneously),which aremarkedCH1 andCH2, respectively, on thefront panel.Theswitch
markedCH1 BOTH CH2 allows theobservationof only oneof thesignalsat a time, or both“simultaneously”.Ini-
tially, weareonly interestedin lookingat thevoltageonChannel1, somakesurethattheswitchlabeledCH1 BOTH
CH2 is at theCH1 position.Make surethattheSTORE NON-STORE buttonnearthetop, right cornerof thefront
panelis in theNON-STORE position,theAUTO button is pressedundertheTRIGGER sectionof thepanel,and
theX-Y buttonhasnot beenpresseddown. Turn theSEC/DIV knobto 0.2ms,andmake suretheCAL knobon the
two VOLTS/DIV knobsandon theSEC/DIV knobareturnedall theway to theright.

After thescopewarmsup,youwill seeahorizontalline onthescreen.If youcannot�nd thebeam,try pressingBEAM
FIND to locateitsgeneralvicinity, andthenusetheVERTICAL andHORIZONT AL POSITION knobstocenterthe
beamon thedisplay. Becausewe areonly looking at CH1, only theleft-handknobfor theVERTICAL POSITION
will be useful. Rotatingthe knobsappliesa constant(negative or positive) voltageacrossthe horizontal/vertical
de�ection plates,causingthebeamto move horizontally/vertically on thescreen—dependingon theappliedvoltage
(how faryouturntheknob).Experimentwith theknobsfor abit to movethetraceto arbitrarylocationsonthedisplay.
Canthedisplaybecompletelymovedoff thescreen?Whathappened,andwhy?

Oncethetrace/spothasbeencentered,usetheINTENSITY knobto adjustthebrightnessof thetrace.Pleasenotethat
too bright of a beamwill damagethephosphorof thedisplay, sodo not make it any brighterthannecessary. Finally,
usetheFOCUS knobto adjustthesharpnessof trace.Repeattheprocessfor CH2, asnecessary, but this time center
thetracetowardthetopof thescreen.

Onceyou have adjustedCH2, setthe CH1 BOTH CH2 switch to the BOTH position,andthe ADD ALT CHOP
switch(just to theright) to ALT. Althoughit will appearthatbothtracesarenow beingdisplayedsimultaneously, in
actuality, the CRT hasonly oneelectronbeamandcanonly accommodateeachtraceindividually. With the switch
in theADD position,a singletracewill plot theresultsof thealgebraicadditionof thetwo input signals.This corre-
sponds,physically, to thevectoraddition(or interference)of two parallelsignals.

In theALT mode,thespotalternatively sweepstheentirelengthof eachtrace,oneat a time,whereeachtracerepre-
sentsanindividual signal.Theway this modeworkscanbeeasilyobservedif thetime baseis long (say, 1 - 2 s/div),
soyou maywish to temporarilyrotatetheSEC/DIV knobcounterclockwiseto seethis effect. However, in theALT
mode,eachof thetwo input signalstriggersits own, respective sweep,sothesignalswill appearindividually. There-
fore, this modeis not appropriatefor the observation of signalcorrelatingquantities,suchasphaseshifts between
coherent,periodicsignals.

Finally, in theCHOP mode,thespotwill jump backandforth betweentracesat a high frequency, alternatively fol-
lowing (over shorttime intervals)thecorrelatedevolution of bothsignals.Eachtracerepresentsthetime evolution of
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Figure2: The front panelof a Tektronix OscilloscopeModel 2221A. In this �gure, the input signal is appliedto
Channel1, whosesensitivity is setfor 0.1 V/div. Thetime baseis setto 2 ms/div, meaningthat thebeamwill travel
eachdivision in 2 ms,or theentirescreenin 20 ms.Thetraceon thescreenshows a continuous,non-uniformchange
of the input voltagefrom ¡ 1:6 div£ 0:1 V/div= ¡ 0:16 V to + 2:4 div£ 0:1 V/div= 0:24 V over a [4:2¡ (¡ 3:4)]div
£ 2 ms/div = 15.2mstime interval.

oneof thesignals,andthusthetraceswill appearto theeye ascontinuouscurves.However, in reality, eachcurve is a
dottedline, with alternatingshortsegmentsandgaps.Thediscontinuousstructureof thetracescanberevealedwhen
thetime baseis very short(1 - 10 µs/div). Again, you maywish to temporarilyrotatetheSEC/DIV knobto observe
this. TheCHOP modeis theonly modethatis appropriatefor theobservationof phaseshiftsbetweentwo AC signals.
Onceyouare�nished, gobackto theALT mode.

Next, set the two AC GND DC switchesto GND, andmake surethat the two tracesareoverlappingby usingthe
VERTICAL POSITION knobsaboutthecenterof thescreen.ThenpresstheX-Y buttonunderMODE sothat the
tracescollapseto a singledot. Adjust the intensity, asnecessary, andusetheHORIZONT AL POSITION knob to
bring the dot to the centerof the screen.In this mode,the oscilloscopeis capableplotting two-dimensionalgraphs
representinga functiony = f (x). Theplot hereis achievedby eliminatingthevariabletime t betweenthetwo func-
tions f (x) andy(t), wherex(t) is theCH 1 inputsignalandy(t) is theCH 2 inputsignal.Thephysicalmeaningof this
operationis thevectorsummation(or interference)of thetwo perpendicularsignals.Whenbothsignalsareperiodic,
theresultinggraphis known asa “Lissajoux” �gure. PresstheX-Y buttononceagain to returnto thepreviousmode
of operation.

Time BaseControls
Thetimebase(SEC/DIV) is animportantfeatureof theseoscilloscopes,asit allows for themeasurementof different
frequenciesandtimescaleswithin anelectricalcircuit. Adjustingthetimebaseadjustshow slowly/quickly thesignal
sweepsacrossthescreen.Sincethesweeprateis constant,thedistance(which is measuredin screendivisions—and
morespeci�cally, centimeters)traveledby the spotis a measureof the correspondingtravel time. Experimenta bit
with theSEC/DIV knob,notingthedifferentrateswhich thedisplaycanbeswept.

Whenever you turn on the scope,you shouldbe able to quickly adjustall of the settingsdiscussedso far (except,
perhapswhenusingX-Y mode)to centeran oscilloscopetraceon the display, andto adjustthe INTENSITY and
FOCUS (if necessary).The positionknobs,temporarilygroundingthe inputs,andlocatingthe tracesfor CH1 and
CH2 allow thereferencelevel (0 V) of thedisplayto bearbitrarily set,sobecomefamiliar with them. Onceyou are
�nished, setthe[SEC/DIV] knobto 0.5ms,andtheCH1 BOTH CH2 switchto CH1.
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Sensitivity Controls
Verticalde�ection of theelectronbeamis producedby applyinganexternal,direct-or alternating-current(DC or AC)
signal to the input/sof the scope. The degreeof vertical de�ection is affectedby both the magnitudeof the input
signalaswell asthesensitivity of thescope,which canbeadjustedby usingtheVOLTS/DIV knob. Justbelow each
sensitivity knob is the AC GND DC switch. Whenthe switch is in the groundposition(GND), the input signal is
grounded—preventingany vertical de�ection of the beam. As just mentioned,this position is typically useful for
establishinga referencepositionsomewhereon the displayand/or�nding the beam. While the input is grounded,
wherever the beamis moved to on the display(which canbe donearbitrarily) determinesthe vertical positionthat
correspondsto 0 V, or ground.You shouldalwaysknow wheregroundis referencedto on thedisplayfor bothCH1
andCH2 while lookingat signalson thescope.

Unlike GND, whentheswitch is in theAC position,only theDC (constant)componentof thesignalwill be �ltered
from the input, which meansthat the AC (changing)componentof the signalwill still be displayed.And �nally , it
is only whenthe switch is in the DC positionthat the oscilloscopewill displaythe actualwaveform input into the
device—whichincludesboth both the DC andAC componentsof the signal. The advantageof usingAC coupling
over DC couplingoccurswhenyouaretrying to measuresmallvariationsof a signalthatcontaina largeDC bias.As
anexample,considertherelatively small”ripple” (5 mV) on theoutputof a typicalDC powersupply(say5 V). With
DC coupling,increasingtheinput sensitivity in anattemptto seethesmallvariationwill sendthetraceoff thetop of
thescreen.However, with AC coupling,the5 V level will besuppressedandthesensitivity canbegreatlyincreased
while retainingthetraceon thecenterof thedisplay.

Usethe5 V DC powersupplyto con�rm thisbehavior (turnON thepower to theTM 506A instrumentclusteraswell
astheswitchto thePS503A).UseaBNC-bananaadapterin conjunctionwith aBNC cableto hookup the+5 V@1A
voltagesupplyon the PS503Ato the oscilloscope.Make surethe tab marked GND on the bananaplug adapteris
pluggedinto thegroundplug of thevoltagesupply. However, beforeyou attachtheoutputof thepower supplyto the
scope,�rst verify thatyouhavea5 V signalby attachingtheoutputto theinputof theDM 504AAutorangingDigital
Multi-Meter (DMM). Notethatyou mustplug theinput into theappropriateplugs(andhave selectedthevoltagebut-
ton) to measurethevoltageof thepower supply. After you verify thevoltage,verify thecurrentaswell (1 A). Once
this hasbeendone,usingDC couplingon thescope,re-verify that theoutputvoltageof thepower supplyis correct.
Oncethis is done,if you thentry to examinetheripple morecloselyby increasingthesensitivity, thetracewill soon
driven off the edgeof the display. With AC coupling,the DC level is suppressedandthe ripple canbe observed in
detail;measureits amplitudeandcompareit to theDC level. Whathappensif yougentlywiggle thecable?Why?

Trigger Controls
Thetriggeringcircuitry is themeansby which theoscilloscopeis ableto provide repeated”snapshots”of a repetitive
signal.By controllingthethresholdvoltageof triggeringandslopepolarity, theuseris providedwith great�e xibility
in theappearanceof thedisplayandtheutility of thescopefor capturingelusivesignals.Somefurtherdetailsof scope
operationarerequiredto understandtheconceptof triggering.

As mentionedpreviously, the horizontalsweepof the electronbeamis controlledby the timebasecircuitry (the
SEC/DIV knob). Thebeamsweepis drivenby theapplicationof a rampvoltageto thehorizontalde�ection plates,
which servesto move thebeamacrossthefacea distanceproportionalto theelapsedtime from a triggerevent. The
occurrenceof thetriggereventmarksthestartof thelinearramp.By slowing thetimebaseto about0.1s/div, theactual
de�ection of the beamcanbe slowed to the point wherethe resultingluminous”dot” canbe observed crossingthe
displayfrom left to right.

To examinetheeffectsof thetriggersettingson thetriggeringof thedisplay, usetheoutputavailableon theFG 502
Functiongeneratorto generatea 600Hz trianglewave (usetheFUNCTION knob)astheinput signalfor CH1. But
beforehookingup theoutputof theFG 502to theoscilloscope,you maywish to hookthe input up to theDC 504A
Counter/Timer to verify thefrequency. Thefrequency canbeadjustedusingtheFREQUENCY andMULTIPLIER
knobs,asnecessary. Onceyou aresatis�ed that you have a 600 Hz wave, hook up the input to CH1 on the scope
andincreasethesensitivity to 5 V/div. Adjust theamplitudeon the functiongeneratorso that theamplitudeof your
trianglewave is exactly 5 V (peakto peak),andselecta 0.5ms/div sweepspeedon theoscilloscope.With thetrigger
SOURCE setfor CH1 (notethereare4 options—VERT MODE for vertical mode,CH1 for Channel1, CH2 for
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Figure3: Effectsof slopeandthethresholdon triggering.

Channel2, andEXT for anexternaltrigger), theLEVEL knob rotatedto themidrange,andtheSLOPE buttonset
to detecton therising edgeof a pulse,a stabletraceshowing thetrianglewave shouldappear. Adjust thehorizontal
positionof thetraceuntil its startingpositionis seenonthedisplay. Next, adjusttheLEVEL controlto theright (pos-
itive thresholdvoltage)andto theleft (negative thresholdvoltage),notingthechangein thestartingpointof thetrace.
As the thresholdfor the trigger is increased,thestartingpoint comeslaterat a highervoltage. Referto Figure3 for
a pictorial representationof thevarioustriggeringcombinations.SwitchthetriggerSLOPE andobserve thechanges
to thedisplayedwaveform. TheSLOPE selectorchooseswhetherthetriggereventwill occurwhenmoving through
thethresholdfrom a high voltageto a low voltage(falling edge/negative slope)or from a low to high voltage(rising
edge/positive slope).Referagain to Figure3.

Finally, settingthe trigger level too low or too high (outsidethe boundsof the signalamplitude)resultsin lossof
triggeringandanunstable”running” waveform.Youcanobserve this if youdecreasetheinputamplitudeof thesignal
by usingtheAMPLITUDE knobon thefunctiongenerator. Increasingthesensitivity controlVOLTS/DIV knobwill
restorea stabletrace.Noticealsowhathappensif you switchthetriggerSOURCE to CH2. Explainyour resultsfor
bothcases.

Next, examineof the effectsof the external trigger selectionEXT. It is with this settingthat an additional,better-
conditionedsignalcanbe usedto trigger the scopewhile observinga relatively weaksignal—onethat is too weak
whenusinginternaltriggering,asdiscussedabove. For example,you mayagain observe theripple on theDC power
supplyor thestraysignalpickedup by a looselead,usingthe600Hz, AC signalto triggerthescopeexternally. Ex-
ternaltriggeringis accomplishedby connectingthesignalto beusedfor triggeringto theexternaltrigger input EXT
INPUT of thescopeandselectingEXT on thetriggerSOURCEselector.

Whenyou are�nished, displaya 600Hz, 5 V peak-to-peaksinewave usingCH1 on thescope.Make whatever ad-
justmentsarenecessaryto displaya stablewaveform. Thenstartfrom 0.5ms/div andincreasethetimebaseto larger
settings(slower sweeps),which is simply a longer“snapshot”of thesignalbeingdisplayed,but with lessdetail. Re-
memberthatthe600Hz signalhasnotchanged;thebeamsweepsmoreslowly, soonly moretransitionsaredisplayed.
Moving to muchsmallertimebasesettings(fastersweeps),moredetailcanbeseenat theexpenseof the“big picture”.
However, noticethedecreasein intensityof thetraceastheelectronbeammovesmoreswiftly over thescreenat faster
timebasesettings.Finally, adjustthefrequency of thesinewave from 6 Hz all theway to 6 MHz by powersof 10and
adjustthetimebasesettingasnecessaryto continueto providea “clean” display. Commentonyour results.

Returningto a timebasearound0.5ms/div andafrequency of 600Hz, con�rm with theoscilloscopethattheperiodof
the5 V AC signalis 600Hz. Adjust thetrigger level if necessaryto achieve a stabledisplay. Measurethehorizontal
distancebetweenthe two closestpointswherethe waveform crossesthe baseline(0 V level) with the sameslope.
(Notethattherearetwo zerocrossingspercycle,eachwith differentslope.)Multiply this numberof divisionsby the
timebasesetting(time/div); theresultingtimeT is known astheperiod.

How shorta timecanbereadby thisoscilloscope?Thiscanbeestimatedby thesmallesttimebasesetting.In practice,
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this settingmayresultin a tracetoo weakto beseen—thustheso-calledwriting speedof theoscilloscopemayalso
limit theshortesttime thatcanbeaccuratelydetermined,aswill thebandwidthof theinputampli�ers.

Dual TraceOperation
Theavailability of two independentinputchannelsgreatlyfacilitatescomparisonof two signals.To dothis,changethe
displaymodefrom CH1 to BOTH. While displayingthe5 V, 600Hz sinusoidalsignalon CH1, usingit asa trigger
source,observe thesignalfrom a looseBNC cableon CH2. You will probablyobserve ”spikes” andothertypesof
electricalnoise,dependingon the sensitivity level. You shouldattemptto explain why this noiseis ”locked” to the
signalon CH1. For a moredramaticeffect, touchyour �nger to theCH2 input conductorfrom theBNC cable.The
noiseprobablyhasmuchhigheramplitudeandis still lockedto thecalibrationsignal.Finally, while holdingthebare
leadin onehand,touchthemetalframeof the tableandobserve thenoisesignalon CH2. Attempt to explain your
observations.

Next, apply the0 - 20 V input from thePS503A power supplyto CH2 on theoscilloscopeusingthe redandblack
bananaplugs,makingsurethat theplug with theGND tab is attachedto thecommon,blackoutputfrom thepower
supply. With thedisplaymodesetto BOTH on theoscilloscope,andthesensitivity control to DC on bothchannels,
observe your resultswhenchangingbetweentheADD, ALT, andCHOP modes.As you do so,adjusttheamplitude
of theDC signalusingthe+ VOLTS knobon thedualpower supply. Whathappens,andwhy? Finally, try various
combinationsof AC, GND, andDC, andobserve your results.Whentheknobsarein theAC positionandyou vary
theamplitudeof theDC voltagefrom thedualpowersupply, whathappens?Why?

X-Y Mode
Onceyou arecomfortablewith the dual traceoperationof the oscilloscope,setthe amplitudeof the DC signalinto
CH2 to 5 V andpresstheX-Y button. Now, thevoltagesinto CH1 andCH2 arefunctionsof eachother. Canyou
justify which channelis a functionof thesecondchannel,baseduponwhatyou seeon thescreen?Next, switch the
inputs,sothatthesinusoidis input into CH2 andtheDC voltageinto CH1. Whatchanged,andwhy?

SingleSweepCapture
TheTektronix2221Adigital storageoscilloscopeshavetheadvantageof storagecapabilities.This is extremelyuseful,
sinceoften in eitherdigital or analogwork, it is necessaryto capturea transientthat occursonly once,andonly in
responseto somespeci�c stimulus. As we learnedaboutpreviously, the stimulusis calleda “trigger” event,andin
this situation,becausethetransientonly occursonce,theoscilloscopetraceis plottedonly onceaswell—a so-called
“single sweep”.In this �nal partof thelaboratory, you will capturethevoltagetransientproducedwhenthePS503A
dualpowersupplyis �rst turnedON.

To do this, follow thesesteps:

1. SettheOscilloscopeto capturetheOFFto ON powersupplytransient:

a.) ConnectBNC cableto the+5 V@1A outputof thepower supply. Initially, make surethat theOUTPUT
on thedualpowersupplyis setto OFF(but not theentireinstrumentcluster).

b.) Setthescopetimebaseto approximatethetiming requiredto view theentiretransient.Usually, eitherone
hasanideaof thelengthof thetransient,or onemerelysetsthetimebaseto aconvenientvalue,suchas10µs/div and
repeatsthemeasurement,modifying it, asappropriate.

c.) Settheverticalscaleto view theentiretransient.Thetransientwill besomewherearound+5 V in magni-
tude,so1 V/div is a goodstartingplace.Adjust thereferencepositionof GND (usingtheVERTICAL POSITION
knobandtheGND sensitivity switch)sothatit is exactly1 division from thebottomof thedisplay.

d.) SettheTRIGGER point at a voltagelevel just at thestartof thetransient(i.e., for a 0 to +5 V transient,
just above 0 V). Note that theverticalknobsVOLTS/DIV mustbe in thecalibratedposition(full clockwise),or the
TRIGGER point will reada percentage(%) ratherthana voltage.Also, presstheSGL SWP buttonto changeout of
theinternal,AUTO triggeringmodeandinto asinglesweepmode.
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e.) SetthetriggerSLOPE to correspondto theslopeof thetransient.

f.) Turn the StorageMode ON by pressingthe STORE NON-STORE button so that it is in the STORE
position.

g.) SettheAcquisitionModeMODE to “Sample”andtheAcquisitionSampleSize1K/4K to 1K. (How can
you tell thatit is setto asamplingsizeof 1K?Why?)

2. TurnON thepowersupplyoutputto view thetransient.Youmayhave to adjustsomeof thesettingsin Step#1
to gettheoptimumcapture.To doso:

a.) Turn thesupplybackOFF.

b.) Returnto non-digitalstoragemode.

c.) Makeany changesto yoursettingson theoscilloscope.

d.) Returnto thedigital storagemode.

e.) RepeatStep#2asoftenasnecessaryuntil youobtainagoodtrace.

Whenyouhaveanadequatetransientcaptured,presstheSAVE/CONT buttonto SAVE thedigitizedwaveformin the
memoryof theoscilloscope.If youwish to repeattheprocessto captureanotherwaveform,youwill have to pressthe
SAVE/CONT buttonagainsothatyouareno longerin SAVE modebeforeyouattemptanew capture.

After you have successfullycaptureda waveform,changetheACQUISITION samplingsize1K/4K to 4K. Notice
thechanges.Canyou explain whatyou now see?SettheTriggerPositionTRIG POS(thepoint on theoscilloscope
displaywherethetriggeris initiated)to theleft sideof thetraceto captureasmuchof thetransientaspossible.Also,
rotatethe CURSORSknob fully to the left. As you rotatethe knob backandforth from left to right andbackleft
again,whathappens?Doesthishelpyouexplainwhatyouseewhenchangingto 4K mode?

Finally, returnto non-digitalstoragemode,andadjustthetime basesettingssothatyou arelooking at a shortertime
spanper division. Then,returnto storagemode,andrepeatStep#1, but this time remainin 4K mode. After you
capturethewaveform,rotatetheCURSOR knobto look at differentportionsof thesignal. Whatcanyou conclude
about1K modeversus4K mode?Whatis theadvantageof 4K mode?Canyou �gure outwhat1K/4K standsfor, and
why?

Conclusion

Provide a brief conclusionbaseduponwhatyou have learnedtoday, andfor this lab only, have bothpartnersturn in
thelab bookat theendof thelaboratorysession.Becauseeveryoneis turningin their lab notebooks,no groupreport
is necessaryfor this lab.
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