California State University, Fresno _
Department of Electrical and Computer Engineering

ECE9OL Principlesof ElectronicCircuits Laboratory
ExperimentNo. 1: Introductionto the Digital StorageOscilloscope

Intr oduction
Welcometo thePrinciplesof ElectronicCircuitsLaboratory Youwill nd thefollowing equipmenbnyourlabbench:

$Tektronix2221ADigitaI Storage/AnalogNonstoragéscilloscope
-Tektronix TM 506A Paver Module containing:

DM 504A AutorangingDigital Multi-Meter (DMM)

DC 504A Counter/Tmer

FG 50211 MHz FunctionGenerator

PS503A Dual Power Supply
¢Dua| § 12V powersupplywith breadboard

Within the cabinetsare: BNC cables,bananglug adaptersyariableresistors capacitorsandinductors,additional
power suppliesandotherequipmenthatwill be madeavailableto you overthecourseof thesemesteasyou perform
your experiments.You shouldidentify eachof the abore equipmenbn thelab benchbeforeproceeding.

Objective

The rst experimentis intendedto be anintroductionto someof the hardware availableto you in the laboratory—
speci cally theTektronix2221AoscilloscopetheDM 504A Digital Multi-Meter (DMM), theDC 504A Counter/Tmer,
andthe FG 502 FunctionGeneratar An oscilloscopg(scope)is an electronicinstrumentthat displaysa voltagein-

put on a screerasa function of time, andis typically usedto displayandmeasureepetitive waveformsor transient
signals. It is one of the importantdiagnostictools that canbe usedby an Electricalor ComputerEngineer In the
processof learningaboutthe functionality of an oscilloscopeyou will alsolearnhow to measurehe voltageand
period/frequeng of varioussignals.

The Tektronix 2221AOscilloscope

Oscilloscopesreusedby engineer@andtechniciando displayvoltagewaveformsandsignalsasa function of time.

The display consistsof a glasscathoderay tube (CRT), an electrongun, x- andy-de ection plates,anda phosphor
screerthat emitslight whenstruckwith a focusedelectronbeam. The spotof light canbe moved aroundby hori-

zontallyandvertically de ecting the beamof electronsandif moved rapidly enoughthe moving spotwill have the

appearancef displayinganimageonthe screenHorizontalde ection typically occursfrom left to right ata constant
speedcalledthe sweeprate,while verticalde ection occursin responséo the strengthof the appliedvoltage,result-
ing in a plot of thewaveform. The horizontalsweepis generatedby applyingatriggered,savtoothvoltagewaveform

(creatednternally)acrosshex-de ection plates.

Figure 1 illustratesthe “sawtooth” voltagewaveform appliedto the horizontalde ection points. At point A of the
cycle,thebeamstartsto sweephescreenuniformly, from left to right. At pointB, thebeampasseshroughthecenter
of thescreerand,at C, is attheright endof its trace. The beamthenquickly “jumps” backto the startingpoint at A°
within a few nanosecondsyherea new cycle beggins. Both the sweeprateandthe vertical sensitvity canbe adjusted
by usingcontrolson thefront panelof the oscilloscopeanexampleof which is shavn in Figure2.



Figurel: The“sawtooth” shapeof the sweepingvoltageV(t). At point A of the cycle, the beamstartsto sweepthe
screenuniformly, from left to right. At point B, the beampasseshroughthe centerof the screerand,atC, is atthe
right endof thetrace. Thebeamthenquickly “jumps” backto thestartingpointat A°within afew nanosecondsyhere
anew cycle begins.

Display Controls

To begin, turn on the oscilloscopeby pressingthe ON/OFF button nearthe lower right handcornerof the screen.
Becausehe Tektronix2221Ais a dualinput oscilloscopeyou canchooseto displaya voltagewaveformfrom either
1 of 2 inputs(or both simultaneously)which aremarked CH1 andCH2, respectiely, on the front panel. The switch
marked CH1 BOTH CH2 allows the obsenration of only oneof the signalsat a time, or both“simultaneously”.Ini-
tially, we areonly interestedn looking at the voltageon Channell, somalke surethatthe switchlabeledCH1 BOTH
CH2 is atthe CH1 position. Make surethatthe STORE NON-STORE buttonnearthetop, right cornerof the front
panelis in the NON-STORE position,the AUTO buttonis pressedunderthe TRIGGER sectionof the panel,and
the X-Y button hasnot beenpressedionn. Turnthe SEC/DIV knobto 0.2 ms,andmake surethe CAL knobonthe
two VOLTS/DIV knobsandonthe SEC/DIV knobareturnedall theway to theright.

After thescopewarmsup, youwill seeahorizontalline onthescreenlf youcannotnd thebeamtry pressinBEAM
FIND to locateits generalicinity, andthenusetheVERTICAL andHORIZONT AL POSITION knobsto centerthe
beamon the display Becauseave areonly looking at CH1, only theleft-handknobfor the VERTICAL POSITION
will be useful. Rotatingthe knobsappliesa constant(hegative or positive) voltage acrossthe horizontal/ertical
de ection plates,causingthe beamto move horizontally/\ertically on the screen—dependingn the appliedvoltage
(how faryouturntheknob). Experimentwith theknobsfor abit to move thetraceto arbitrarylocationsonthedisplay
Canthedisplaybe completelymoved off the screenWhathappenedandwhy?

Oncethetrace/spohasbeencenteredusetheINTENSITY knobto adjustthebrightnesf thetrace.Pleasenotethat
too bright of a beamwill damagehe phosphotrof the display sodo not make it ary brighterthannecessaryFinally,

usethe FOCUS knobto adjustthe sharpnessf trace.Repeathe procesdor CH2, asnecessarybut this time center
thetracetowardthetop of thescreen.

Onceyou have adjustedCH2, setthe CH1 BOTH CH2 switch to the BOTH position,andthe ADD ALT CHOP
switch (justto theright) to ALT. Althoughit will appeathatbothtracesarenow beingdisplayedsimultaneouslyin
actuality the CRT hasonly oneelectronbeamandcanonly accommodateachtraceindividually. With the switch
in the ADD position,a singletracewill plot theresultsof the algebraicadditionof the two input signals. This corre-
spondsphysically, to the vectoraddition(or interferencepf two parallelsignals.

In the ALT mode,the spotalternatvely sweepghe entirelengthof eachtrace,oneat atime, whereeachtracerepre-
sentsanindividual signal. The way this modeworks canbe easilyobseredif thetime baseis long (say 1 - 2 s/div),
soyou maywish to temporarilyrotatethe SEC/DIV knob counterclockwiseto seethis effect. However, in the ALT
mode,eachof thetwo input signalstriggersits own, respectie sweep sothe signalswill appeaindividually. There-
fore, this modeis not appropriatefor the obsenration of signal correlatingquantities,suchas phaseshifts between
coherentperiodicsignals.

Finally, in the CHOP mode,the spotwill jump backandforth betweertracesat a high frequeng, alternatvely fol-
lowing (over shorttime intervals) the correlatedavolution of bothsignals.Eachtracerepresentshe time evolution of
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Figure 2: The front panelof a Tektronix OscilloscopeModel 2221A. In this gure, the input signalis appliedto
Channell, whosesensitvity is setfor 0.1 V/div. Thetime baseis setto 2 ms/dv, meaningthatthe beamwill travel
eachdivisionin 2 ms,or theentirescreenn 20 ms. Thetraceon the screershavs a continuousnon-uniformchange
of theinput voltagefrom j 1:6 divE 0:1 V/div= j 0:16 V to + 2:4 divE 0:1 V/div= 0:24V overa[4:2j (i 3:4)]div
£ 2 ms/dv = 15.2mstime interval.

oneof thesignals,andthusthetraceswill appeato theeye ascontinuouscurves. However, in reality, eachcurve is a
dottedline, with alternatingshortsegmentsandgaps. The discontinuoustructureof the tracescanberevealedwhen
thetime baseis very short(1 - 10 us/div). Again, you maywish to temporarilyrotatethe SEC/DIV knobto obsene
this. The CHOP modeis theonly modethatis appropriatdor the obsenationof phaseshiftsbetweertwo AC signals.
Onceyou are nished, go backto the ALT mode.

Next, setthe two AC GND DC switchesto GND, and make surethat the two tracesare overlappingby usingthe
VERTICAL POSITION knobsaboutthe centerof the screen.Thenpressthe X-Y buttonunderMODE sothatthe
tracescollapseto a singledot. Adjusttheintensity asnecessaryandusethe HORIZONT AL POSITION knobto

bring the dot to the centerof the screen.In this mode,the oscilloscopés capableplotting two-dimensionabraphs
representing functiony = f(x). Theplot hereis achiezed by eliminatingthe variabletime t betweenthe two func-

tions f(x) andy(t), wherex(t) istheCH 1 inputsignalandy(t) is theCH 2 inputsignal. The physicalmeaningof this

operationis the vectorsummation(or interferencepf thetwo perpendiculasignals.Whenboth signalsare periodic,
theresultinggraphis knowvn asa “Lissajoux” gure. Presghe X-Y buttononceagain to returnto the previousmode
of operation.

Time BaseControls

Thetime base(SEC/DIV) is animportantfeatureof theseoscilloscopesasit allows for the measuremeruf different
frequenciesandtime scaleswithin anelectricalcircuit. Adjustingthetime baseadjustshow slowly/quickly the signal
sweepsacrosshe screen.Sincethe sweeprateis constantthe distancgwhichis measuredn screerdivisions—and
morespeci cally, centimeters}raveled by the spotis a measureof the correspondindravel time. Experimenta bit

with the SEC/DIV knob, notingthedifferentrateswhich the displaycanbe swept.

Wheneer you turn on the scope,you shouldbe ableto quickly adjustall of the settingsdiscussedso far (except,
perhapswvhenusing X-Y mode)to centeran oscilloscoperaceon the display andto adjustthe INTENSITY and
FOCUS (if necessary)The positionknobs,temporarilygroundingthe inputs, andlocatingthe tracesfor CH1 and
CH2 allow thereferencdevel (0 V) of thedisplayto be arbitrarily set,so becomefamiliar with them. Onceyou are
nished, setthe[SEC/DIV] knobto 0.5ms,andthe CH1 BOTH CH2 switchto CH1.



Sensitivity Controls

Verticalde ection of theelectronbeamis producedy applyinganexternal,direct-or alternating-currenfDC or AC)

signalto the input/s of the scope. The degreeof vertical de ection is affectedby both the magnitudeof the input

signalaswell asthe sensitvity of the scope which canbe adjustedoy usingthe VOLTS/DIV knoh Justbelow each
sensitvity knobis the AC GND DC switch. Whenthe switchis in the groundposition(GND), the input signalis

grounded—preenting ary vertical de ection of the beam. As just mentioned this positionis typically useful for

establishinga referenceposition someavhereon the display and/or nding the beam. While the input is grounded,
wherever the beamis moved to on the display (which canbe donearbitrarily) determineghe vertical positionthat
correspondso 0 V, or ground. You shouldalwaysknow wheregroundis referencedo on the displayfor both CH1

andCH2 while looking at signalson the scope.

Unlike GND, whenthe switchis in the AC position,only the DC (constantcomponenbf the signalwill be Itered
from the input, which meansthatthe AC (changing)componenbf the signalwill still be displayed.And nally, it
is only whenthe switchis in the DC positionthat the oscilloscopewill displaythe actualwaveforminput into the
device—whichincludesboth both the DC and AC component®f the signal. The advantageof using AC coupling
over DC couplingoccurswhenyou aretrying to measuresmall variationsof a signalthatcontainalarge DC bias.As
anexample,considettherelatively smallripple” (5 mV) ontheoutputof atypical DC power supply(say5 V). With
DC coupling,increasingheinput sensitvity in anattemptto seethe smallvariationwill sendthetraceoff thetop of
the screen.However, with AC coupling,the5 V level will be suppressedndthe sensitvity canbe greatlyincreased
while retainingthe traceon the centerof the display

Usethe5V DC power supplyto con rm this behaior (turn ON the powerto the TM 506A instrumentclusteraswell

astheswitchto the PS503A). Usea BNC-bananadaptein conjunctionwith aBNC cableto hookupthe+5V@1A

voltagesupply on the PS503Ato the oscilloscope.Make surethe tab marked GND on the bananaplug adapteris

pluggedinto the groundplug of thevoltagesupply However, beforeyou attachthe outputof the power supplyto the
scope,rst verify thatyouhave a5 V signalby attachinghe outputto theinput of the DM 504A AutorangingDigital

Multi-Meter (DMM). Notethatyou mustplug theinputinto the appropriatglugs(andhave selectedhe voltagebut-

ton) to measurahe voltageof the power supply After you verify the voltage,verify the currentaswell (1 A). Once
this hasbeendone,usingDC couplingon the scope re-verify thatthe outputvoltageof the power supplyis correct.
Oncethisis done,if you thentry to examinetheripple morecloselyby increasinghe sensitvity, the tracewill soon
driven off the edgeof the display With AC coupling,the DC level is suppressedndtheripple canbe obseredin

detail; measureats amplitudeandcomparet to the DC level. Whathappensf you gentlywiggle the cable?Why?

Trigger Controls

Thetriggeringcircuitry is the meansy which the oscilloscopés ableto provide repeatedsnapshots’of arepetitive
signal. By controllingthe thresholdvoltageof triggeringandslopepolarity, the useris providedwith great e xibility
in theappearancef thedisplayandtheutility of thescopefor capturingelusive signals.Somefurtherdetailsof scope
operationarerequiredto understandhe conceptof triggering.

As mentionedpreviously, the horizontal sweepof the electronbeamis controlled by the timebasecircuitry (the
SEC/DIV knob). The beamsweepis driven by the applicationof a rampvoltageto the horizontalde ection plates,
which senesto move the beamacrosshe facea distanceproportionalto the elapsedime from a triggerevent. The
occurrencef thetriggereventmarksthestartof thelinearramp.By slowing thetimebaseo about0.1s/dv, theactual
de ection of the beamcanbe slowed to the point wherethe resultingluminous”dot” canbe obsenred crossingthe
displayfrom left to right.

To examinethe effectsof the trigger settingson the triggeringof the display usethe outputavailableon the FG 502
Functiongeneratoto generatea 600 Hz trianglewave (usethe FUNCTION knob)astheinput signalfor CH1. But
beforehookingup the outputof the FG 502to the oscilloscopeyou may wish to hookthe input up to the DC 504A
Counter/Tmer to verify thefrequeng. Thefrequeng canbe adjustedusingthe FREQUENCY andMUL TIPLIER
knobs,asnecessaryOnceyou are satis ed that you have a 600 Hz wave, hook up the input to CH1 on the scope
andincreaseahe sensitvity to 5 V/div. Adjustthe amplitudeon the function generatosothatthe amplitudeof your
trianglewave is exactly 5 V (peakto peak),andselecta 0.5 ms/div sweepspeeddn the oscilloscope With thetrigger
SOURCE setfor CH1 (notethereare4 options—VERT MODE for vertical mode,CH1 for Channell, CH2 for



Figure3: Effectsof slopeandthethresholdon triggering.

Channel2, andEXT for anexternaltrigger),the LEVEL knobrotatedto the midrange andthe SLOPE button set
to detecton therising edgeof a pulse,a stabletraceshaving the trianglewave shouldappear Adjust the horizontal
positionof thetraceuntil its startingpositionis seernonthedisplay Next, adjustthe LEVEL controlto theright (pos-
itive thresholdvoltage)andto theleft (negative thresholdvoltage),notingthe changen the startingpoint of thetrace.
As thethresholdfor thetriggeris increasedthe startingpoint comeslater at a highervoltage. Referto Figure 3 for
a pictorial representationf the varioustriggeringcombinations Switch the trigger SLOPE andobsere the changes
to the displayedwaveform. The SLOPE selectorchoosesvhetherthe triggereventwill occurwhenmoving through
the thresholdfrom a high voltageto a low voltage(falling edge/ngative slope)or from a low to high voltage(rising
edge/positie slope).Referagainto Figure3.

Finally, settingthe trigger level too low or too high (outsidethe boundsof the signalamplitude)resultsin loss of
triggeringandanunstablérunning” waveform. You canobsere thisif you decreas¢heinputamplitudeof thesignal
by usingthe AMPLITUDE knobonthefunctiongeneratarincreasinghesensitvity controlVOLTS/DIV knobwill

restorea stabletrace.Notice alsowhathappensf you switchthetrigger SOURCE to CH2. Explainyour resultsfor
bothcases.

Next, examineof the effects of the externaltrigger selectionEXT . It is with this settingthat an additional, better

conditionedsignal canbe usedto trigger the scopewhile observinga relatively weak signal—onethatis too weak
whenusinginternaltriggering,asdiscusse@bove. For example,you may again obsene theripple onthe DC power
supplyor the straysignalpicked up by alooselead,usingthe 600Hz, AC signalto triggerthe scopeexternally. Ex-
ternaltriggeringis accomplishedby connectingthe signalto be usedfor triggeringto the externaltriggerinput EXT

INPUT of thescopeandselectingeXT onthetrigger SOURCE selector

Whenyou are nished, displaya 600Hz, 5V peak-to-pealsinevave usingCH1 on the scope. Make whatever ad-
justmentsarenecessaryo displaya stablewaveform. Thenstartfrom 0.5 ms/div andincreasehetimebasdo larger
settings(slower sweeps)whichis simply a longer“snapshot’of the signalbeingdisplayed but with lessdetail. Re-
membetthatthe 600Hz signalhasnot changedthebeamsweepsnoreslowly, soonly moretransitionsaredisplayed.
Moving to muchsmallertimebasesettinggfastersweeps)moredetailcanbe seenat the expenseof the“big picture”.
However, noticethedecreasn intensityof thetraceastheelectronbeammovesmoreswiftly overthescreeratfaster
time basesettings Finally, adjustthefrequeng of the sinavave from 6 Hz all theway to 6 MHz by powersof 10and
adjustthe time basesettingasnecessaryo continueto provide a“clean” display Commenton your results.

Returningto atimebasearound0.5ms/div andafrequeng of 600Hz, con rm with the oscilloscopehatthe periodof
the5V AC signalis 600Hz. Adjustthetriggerlevel if necessaryo achieve a stabledisplay Measurethe horizontal
distancebetweenthe two closestpoints wherethe waveform crosseghe baselineg(0 V level) with the sameslope.
(Notethattherearetwo zerocrossinggpercycle, eachwith differentslope.)Multiply this numberof divisionsby the
timebasesetting(time/div); theresultingtime T is known asthe period.

How shortatime canbereadby this oscilloscopehis canbeestimatedy the smallestimebasesetting.In practice,



this settingmay resultin a tracetoo weakto be seen—thughe so-calledwriting speedof the oscilloscopemay also
limit theshortestime thatcanbe accuratelydeterminedaswill the bandwidthof theinputampli ers.

Dual Trace Operation

Theavailability of two independeninputchannelgreatlyfacilitatescomparisorof two signals.To dothis, changehe
displaymodefrom CH1 to BOTH. While displayingthe 5 V, 600 Hz sinusoidalsignalon CH1, usingit asatrigger
sourceobsere the signalfrom alooseBNC cableon CH2. You will probablyobsene "spikes” andothertypesof
electricalnoise,dependingon the sensitvity level. You shouldattemptto explain why this noiseis "locked” to the
signalon CH1. For a moredramaticeffect, touchyour nger to the CH2 input conductorfrom the BNC cable. The
noiseprobablyhasmuchhigheramplitudeandis still lockedto the calibrationsignal. Finally, while holdingthebare
leadin onehand,touchthe metalframe of the tableand obsere the noisesignalon CH2. Attemptto explain your
obsenations.

Next, applythe 0 - 20 V input from the PS503A power supplyto CH2 on the oscilloscopeusingthe red andblack

bananaplugs, makingsurethatthe plug with the GND tabis attachedo the common,black outputfrom the power

supply With thedisplaymodesetto BOTH onthe oscilloscopeandthe sensitvity controlto DC on bothchannels,
obsenre your resultswhenchangingbetweerthe ADD, ALT, andCHOP modes.As you do so,adjusttheamplitude
of the DC signalusingthe + VOLTS knob on the dual power supply Whathappensandwhy? Finally, try various
combinationsof AC, GND, andDC, andobsere your results.Whenthe knobsarein the AC positionandyou vary

theamplitudeof the DC voltagefrom the dualpower supply whathappens®hy?

X-Y Mode

Onceyou arecomfortablewith the dual traceoperationof the oscilloscopesetthe amplitudeof the DC signalinto
CH2 to 5V andpressthe X-Y button. Now, the voltagesinto CH1 andCH2 arefunctionsof eachother Canyou
justify which channelis a function of the secondchannel baseduponwhatyou seeon the screen?Next, switchthe
inputs,sothatthe sinusoidis inputinto CH2 andthe DC voltageinto CH1. Whatchangedandwhy?

Single SweepCapture

TheTektronix2221Adigital storagenscilloscopebave theadwantageof storagecapabilities.Thisis extremelyuseful,
sinceoftenin eitherdigital or analogwork, it is necessaryo capturea transientthat occursonly once,andonly in

responsdo somespeci ¢ stimulus. As we learnedaboutpreviously, the stimulusis calleda “trigger” event,andin

this situation,becausehe transientonly occursonce,the oscilloscoperaceis plottedonly onceaswell—a so-called
“single sweep”.In this nal partof thelaboratoryyouwill capturethevoltagetransienfproducedvhenthe PS503A
dualpower supplyis rst turnedON.

To dothis, follow thesesteps:
1. SettheOscilloscopeo capturethe OFFto ON power supplytransient:

a.) ConnectBNC cableto the +5 V@1A outputof the power supply Initially, make surethatthe OUTPUT
onthedualpower supplyis setto OFF (but not the entireinstrumentluster).

b.) Setthescopetime baseto approximatehetiming requiredto view theentiretransient.Usually eitherone
hasanideaof thelengthof thetransientor onemerelysetsthetime baseto a corvenientvalue,suchas10 ps/div and
repeatghe measuremenmodifyingit, asappropriate.

c.) Settheverticalscaleto view the entiretransient.Thetransientwill be somevherearound+5V in magni-
tude,so 1 V/div is agoodstartingplace. Adjust the referencepositionof GND (usingthe VERTICAL POSITION
knobandthe GND sensitvity switch)sothatit is exactly 1 division from the bottomof thedisplay

d.) Setthe TRIGGER point at a voltagelevel just atthe startof the transient(i.e., for a0 to +5 V transient,
just aborve 0 V). Note thatthe vertical knobsVOLTS/DIV mustbein the calibratedposition (full clockwise),or the
TRIGGER pointwill reada percentag€%) ratherthanavoltage.Also, presshe SGL SWP buttonto changeout of
theinternal AUTO triggeringmodeandinto a singlesweepmode.



e.) Setthetrigger SLOPE to correspondo the slopeof thetransient.

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

g.) SettheAcquisitionMode MODE to “Sample”andthe Acquisition SampleSize 1K/4K to 1K. (How can
you tell thatit is setto asamplingsizeof 1K? Why?)

2. Turn ON thepower supplyoutputto view thetransient.You mayhave to adjustsomeof the settingsin Step#1
to getthe optimumcapture.To do so:

a.) TurnthesupplybackOFF

b.) Returnto non-digitalstoragemode.

c.) Make ary changedo your settingson the oscilloscope.

d.) Returnto thedigital storagemode.

e.) RepeatStep#2 asoftenasnecessaryntil you obtaina goodtrace.

Whenyou have anadequatéransientcapturedpresshe SAVE/CONT buttonto SAVE thedigitizedwaveformin the
memoryof theoscilloscopelf youwishto repeathe procesgo captureanothemwaveform,youwill haveto pressthe
SAVE/CONT buttonagain sothatyou arenolongerin SAVE modebeforeyou attempta new capture.

After you have successfullycaptureda waveform, changethe ACQUISITION samplingsize 1K/4K to 4K. Notice
the changesCanyou explain whatyou now see?Setthe Trigger PositionTRIG POS (the point on the oscilloscope
displaywherethetriggeris initiated)to theleft sideof thetraceto captureasmuchof thetransientaspossible.Also,
rotatethe CURSORSknob fully to theleft. As you rotatethe knob backandforth from left to right and backleft
again, whathappensDoesthis helpyou explain whatyou seewhenchangingto 4K mode?

Finally, returnto non-digitalstoragemode,andadjustthe time basesettingssothatyou arelooking at a shortertime
spanper division. Then,returnto storagemode,and repeatStep#1, but this time remainin 4K mode. After you
capturethe waveform, rotatethe CURSOR knobto look at differentportionsof the signal. Whatcanyou conclude
aboutlK modeversusAK mode?Whatis the advantageof 4K mode?Canyou gure outwhat1K/4K standgor, and
why?

Conclusion

Provide a brief conclusionbaseduponwhatyou have learnedtoday andfor this lab only, have both partnersurnin
thelab bookat the endof the laboratorysession Becauseveryoneis turningin their lab notebooksno groupreport
is necessaryor this lab.
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