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Preface

Thesearethelaboratoryexperimentgperformedn Physicsl12andPhysics212duringtheFall of
1998.Theonly changesreafew correctionanadeafterthefact.

This s first attemptat producinga BHSU physicslab manual.lt is not meantto bea polished,
finishedmanualto be usedfor yearsandyears. It is just meantasa first stabat organizingthe
laboratoriesaaroundthe equipmentve hadat thetime.

Beginningin theFall of 1997 ,aprocessvasstartedo basehelaboratoryon experimentaising
thePascocomputeiinterfacesystem A largenumberof experimentshereusethis system.Someof
theterseinstructionsherecanandshouldbe supplementeavith moredetailedinstructionsfound
in the Pascophysicsexperimentmanuals Copiesof thesemaybefoundin the physicsinstructors
office.

Older Verniercomputerinterfacesare alsoavailable. Instructionsfor theseDOS-basednter-
facesappeaiin anappendixof thismanual.lt is hopedthatadditionalacquisitionsof Pasco-based
systemswill eventuallysupplanthe DOS-basedystemsmakingthoseinstructionsobsolete.

JohnDeisz,Visiting AssistantProfessonf Physics
Black Hills StateUniversity

May 1, 1999
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Lab 1

Measurementof Length and Velocity

1.1 Length

In this part of the lab you will measurdengthsusingthreedevices: a ruler, Verniercaliper and
micrometer Youwill alsodeterminghepercentagaccurayg of your measurementsy takinginto
accounteachinstruments precision. This precisionis determinedoy the smallestmeasurement
unit of thedevice.

1.1.1 Ruler measurements

1. Useametricrulerto measurahelengthof thelinesbelov. Give your measurement® the
closestenthof acentimetel(thatis thesmallestmarkonaruler).

2. Corvertthesemeasuremenisto millimetersandmeters.

3. Calculatetheerrorfor eachof thesemeasurementssingthe equation:

Precsion
Length

% Error= x 100% (1.1)
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For example:
length=5.7cm, precision=0.1cm

0.1cm
% Error = 5 7o < 100% (1.2)

1.75%
2% (bestto roundoff to neareshumberin this case)

4. Isthepercentagerrorgreatesfor alarge or smallobject?

1.1.2 Vernier Caliper

e Usethe Verniercaliperto measurehe lengthof thelinesin Sectionl1.1.1 (instructionson
how to usethe Verniercaliperwill beprovidedto eachgroupduringlab).

e Calculatethe percentagesrror for thesemeasurementsNote that precisionof the caliper
is differentfrom thatfor the ruler (it measureslistancego within 1/10thof a millimeter).
Make surethat eachpersonin your group measurest leastoneline andthateachline is
measuredby atleasttwo people.

1.1.3 Micr ometer Caliper

In this part,you will usea micrometerto measurehethicknessof twenty piecesof paper

To usethe micrometey notethe following. The micrometerhandleturnsthroughtwo revolu-
tionsto make the jaws openor closeonemillimeter (1 mm). In two revolutions, 100 numberggo
by, thusthe micrometeris accuratego within 0.01 mm. (Make surethe micrometergivesa value
of 0.00mmwhennothingis betweerthejaws.)

e Usethemicrometercaliperto measurehethicknessof twenty sheetf paper

e Fromtheabore measurementalculatethethicknessof a singlesheetof paper

1.2 Speed

In this laboratorywe will usetheformularelatingaveragespeeddistanceandthetime interval,

distance

timeinterval’ (1.3)

averagespeed=



In symbolsEq.1.3reads

l
vavg = t (1.4)

1.2.1 Walking speedon level ground

1. Useameterstickto markafour meterpath.With a stopwatch,eachpersonshouldmeasure
thetime it takesto leisurelywalk this distance.

2. UsingEq. (1.3),determineyour averagewalking speedn meters/second.

3. Americansaremostaccustomedo expressingspeedn units of miles perhour. To change
your speedrom meterspersecondshow all your steps):

(a) changeio meters/houby multiplying your meters/seconspeedy the numberof sec-
ondsin anhour,

(b) changeto kilometers/houtby diving by the numberof metersin a kilometer (1000),
and

(c) changeo miles/hourby dividing by the numberkilometersin amile (1.6).

1.2.2 Time, distance,and speed

1. Now thatyouknow your averagewalking speedn milesperhour, estimatehetimeit would
take youto walk to RapidCity (about45 miles).

2. It is approximately3000milesfrom Los Angelesto New York. How mary hourswould it
take youto make thistrip by walking? How mary daysif youwalk 10 hourseachday?Ask
agroupmemberor theinstructorif you needhelpwith this calculation.

1.2.3 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresents carton anair track. Theforce of friction betweerthe cartand
track is reducedby forcing air throughholeson the air track which in turn lifts the cart slightly
from thesurface.

Ontop of theair cartis anopaquéflag.” Whenthe cartmovesontheair trackit passesinder
a photogateassembly The time interval during which the flag closesthe gate (preventinglight
from passingrom onesideof the gateto the other)alongwith measuremertf the sizeof theflag
providesa meandor obtainingthe velocity of thecart.



photogate

Air Track

Table

1.2.4 Velocity Measurement

First, you will needto roll a computercart closeto anair track. We have two separatesystems
for measuringthe time that a photogateis blocked. If you have a DOS-basedomputey then
you shouldrefer to instructionsin AppendixA. If you have a Windows-baseccomputey then
you will be usingthe ScientificWorkshopsoftwarewhich is describedn AppendixB. Usethose
instructiongo determinehow to plug your photogate$o thecomputerandto prepareghecomputer
for data-taking.

1. To obtainthe cartvelocity, you will needto measurdhe width of the flag on top of the air
cart. Usearulerto obtainthe width of theflag to thenearestnm (0.1cm).

2. You arenow readyto measurdhe velocity usingthe computerand photogatesbut before
proceedingwith the computermeasurementqreparefor taking a simultaneoustopwatch
measurement.

To geta stopwatchmeasurement;ou will have onememberof the groupmeasurehetime
it takesthe cartto go a certaindistance(perhapghe distancebetweenthe two photogates)
asit movesdown the air track. Of course,this will be doneat the sametime photogate
measuremen@remadesothatyou canmalke a directcomparisorof thesetwo methods.

3. Preparethe computerfor datataking (usinginstructionsin AppendixA and Appendix B)
andthenpushthe air cartthroughthe photogatesAfter the air carthaspassedhroughthe
photogatesthenyou shouldhave a photogate-blocid-timefor eachphotogate.

4. Determinethe stopwatchvalueof the averagespeedusing

distance

stopwatchvelocity = —.
P y stopwatchtime

(1.5)




5. The computershould shav the amountof time that photogatel and photogate2 were

blocked. Use both of thesemeasurement® obtainthe speedasthe cart moved down the

track. _
flag size

locity throughphotogate= ——~———
velocity throughphotogate= - taime

(1.6)

6. If thetrackis exactly level andfriction is completelyeliminated thenthe cartspeedshould
not have changednuchasit passedetweenthe two photogates.What is the difference
betweenyour photogatespeeds?

7. How do the photogatespeedssomparewith the stopwatchspeedWhich do you think are
moreaccuratethe stopwatchmeasurementsr the photogates®hy?






Lab 2

Acceleration

2.1 Tutorial on velocity and acceleration

2.1.1 Datain tabular format

Thefollowing two tableslist the positionversugime andspeedversugime for two objects.Their
motionsarenotthe samesothereis no correlationbetweerthetwo tables.

time | position

Osec| 1.2meters
1sec| 1.8 meters
2sec| 2.4meters
3sec| 3.0meters
4 sec| 3.6 meters

time | speed

Osec| 2.3m/sec
lsec| 2.8m/sec
2sec| 3.3m/sec
3sec| 3.8m/sec
4sec| 4.3m/ sec

1. For eachof theseobjects statewhetheror not thereis evidencefor accelerationBe sureto
stateyour answersclearly andusethe definition of accelerationn your answer
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2.1.2 Continuous plot of position versustime

Analyzethe following plot which describeghe positionof a cartraveling on a straightpathasa
functionof time. We call avelocity “positive” whenthe caris moving furtheraway and“negative”
whenit is gettingcloser

1. Divide the graphinto regionswherethe velocity is positive, negative, or zeroand clearly
labeltheseregions.

2. Divide the graphinto regionswherethereis acceleratioror the accelerations zero. Where
theaccelerations not-zero statewhetherit is positive or negative.

You mayfind it helpful to make labelsfor the velocity on the top side of the curve andlabels
for acceleratioron the bottomsideof the curve.

2.2 Estimate of g, the accelerationdueto gravity

A picket fenceconsistsof a plastic piecewith a regular seriesof stripes. Whenthe picket fence
passeshroughthe photogatethe time that a stripe blocksthe gatewill allow the computerthe
estimatethe velocity of the picketfence.

In thisexperimentyouwill dropapicketfencethroughaphotogateandexamineagraphof the
picketfencevelocity versugime. You will usetheresultsto obtainanestimateof the acceleration
dueto gravity.

Therearetwo typesof set-ups. The procedurefor usingthe DOS/\erniersetupsis givenin
Appendix A.3. For instructionson how to usethe Windows/ScienceNorkshopset up refer to
AppendixB.3. Performthe experimentasoutlinedin thoseinstructionsandanswetrthe following
guestions.

1. You shouldhave a graphof picket fencevelocity versustime. Doesit look lik e the picket
fencegainsvelocity ata constantrate?

2. Whatis the estimatefor “¢,” theacceleratiordueto gravity, thatyou obtainwhenthe com-
puterperformsaregressiorfit to your velocity versugime data.

3. Is your experimentaresultfor ¢ closeto theknown result,9.8 m/s*?

4. Repeathis experimentandcomparetheresultfor g with whatyou obtainedpreviously.
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2.3 Displacementversustime for constantacceleration

In the following exerciseyou will usethe formula for the displacemenbf an objectwhenits
accelerations constantaindtheinitial velocityis zero(v, = 0);

: 1 e
displacement E(acceleratlom(tlme){ (2.1)

whichin symbolsreads

s==at’. (2.2)



2.3.1 Estimating the height of tall objectswith Eq. (2.2)

Whenair resistancés smallenoughto beneglected gravity will forceanobjectto have aconstant
acceleratiorf 9.8 m/seé. We aregoingto usethis to estimatethe heightof objectsby timing how
longit takesaball to fall from thetop of anobjectto its base.

1. To getsomefeel for the accurag of this method,measurea heightof two metersusinga
meterstick. Drop a ball from this heightand measurehow long it takesfor it to hit the
ground. Using this time in Eq. (2.2), what valuedo you getfor the distancethe ball fell?
How doesthis compareo the correctanswerof 2 meters?

The next partis a little trickier, but usesthe sameidea. Now we are going to measurehe
heightof objectswhich aretoo high to reachthe top, but low enoughsowe cantossa ball to the
top (possibilitiesincludesstreetamps,trees,andbuildings).

Whatyouwill donow is have agroupmembeitossaball sothatthemaximumheightit reaches
is closeto the heightof the objectyou aremeasuring Anothergroupmember(or two) will stand
backa bit andmeasurdahetime it takesfor the ball to go from the top of its path (whereit has
stoppedgoing up or down for just aninstantandis now at aboutthe heightof the object)until it
reacheghegroundagain.Usethistime in EqQ. (2.2) to estimatethe heightof the object.

1. Estimatethe heightof four objectsusingthis method. Be sureto list the objectand show
yourwork for how you obtainedhe height.

2. You shouldhave obtainedyour heightestimatesn meters.Corvert thesemeasurement®
feetusingthe corversionl meter= 3.3feet.

2.3.2 Estimating acceleration

If anobjectstartsat restandhasa displacement in atime ¢, thenit is alsopossibleto obtainthe
averageacceleratiorof the objectusingthe equation

a=2s/t. (2.3)
Youwill usethisto estimatehe acceleratiorof cartson atilted air track.

In this experiment,onegroupmembermwill hold anair trackat anangleandat leastoneother
membemwill bein chage of measuringhetime it takesthe cartto go a certaindistance.

1. Measureghetimeit takesthe cartto travel a fixeddistanceon theair trackfor threedifferent
air track angles.Indicatewhich measurementsorrespondo the small, medium,andlarge
anglegyoudon't needto try to measureheseangles).



2. UseEq. (2.3)to estimatethe acceleratiorior eachof theseangles.

3. Comparedo theacceleratiorof afreelyfalling objectthatyouobtainedn Section2.2,is the
acceleratioron aninclined planesmaller larger, or aboutthe sameNhy is thisthecase?






Lab 3

Forcesin static equilibrium

3.1 Forcetable

3.1.1 Intr oduction

A forcetableconsistsf a circulardisk with marksfor anglesfrom 0 to 360degrees.In the center
of the disk is a shortrod aroundwhich is placeda ring. Stringsare attachedo thering andthe
stringsgo over pulleys which are attachedo the edgeof the table. A top view looks something
likethis.

Force Table Set-up

19



Placeonepulley at the 30 degreemark. Pull a string over this pulley andattacha 400 gram
weight so that the masshangsover the force table. Thering in the centerwill be pulledin the
directionof this pulley becausef theforce of thestring.

Placetwo other pulleys at the 180 and 270 degreemarks. Attach weight holdersto strings
going over thesepulleys. Now addweightsto the endsof stringsgoing over thesepulleys until
theforceson thering cancel.Continuallytry moving thering to the centerto seewhentheforces
balance.

Assumingthatthefirst string pulls on thering with a force whosesizeis proportionalto 400
grams thenthez-componenbf thatforce (thecomponentin the 0 degreedirection)is equalto the
forcethatbalancedt — theweightattachedo the stringin the 180 degreedirection. Likewisethe
y-componenbf theforce from the 400 gramweightis balancedy force of the weightsattached
to thestringin the 270degreedirection.

Frictionalforcesin the pulleyswill causesomeinaccurag in thefollowing analysis. However,
perfectlybalancinghe forceson thering would beimpossiblewithout helpfrom this friction.

3.2 Analysis

3.2.1 30degrees

1. Usethe parallelogranrule to resole graphicallythe force of the 400 gramweightsat 30
degreesinto componentsA good placeto startis to representhe weight of 400 gramsby
a4 cmline at thirty degrees(a protractoris providedto helpyou make this picture). Shav
your diagramandmeasurementisn your lab report.

2. How doesyour estimateof the componentgomparewith the valuesyou got from theforce
table?

3. Now obtainthex andy componentsor theforcefrom the400gramweightusingtrigonom-
etry. How doesthis compareo your graphicalandexperimentaresults?

4. Now we will try to getsomesenseof theexperimentalbccurag for theforcetable. You will
find thataddingsmallamountsof weightto the 180and270degreehangerwill notchange
the balanceof thering. Using smallerweightsfind whatrangeof weightswill work on the
180 (xz-componentsand270 (y-componenthangers.

Your resultswill have thefollowing form:
m, =[2504g, 2909]
m, =[270g, 310¢]

Insteadof writing this as a range,take the midpoint as your bestvalue and expressyour
resultslike



m, = 2709+ 209
m, =290g + 20¢g

wherethe 20 g indicateshow far on eithersideof the midpointbalancecanbeachieved.

5. Do theresultsyou obtainusingtrigopnometryfall in theseranges?

3.2.2 45degrees

Repeatthe force table measurementtor the 400 gram masshangingfrom a 45 degreeangle.
Comparehis measuremerdaf component$o whatyou getusingthe parallelogranrule andusing
trigonometricformulas. Onceagainfind therangeof x andy componentsvhich give balanceon
theforcetable.

3.2.3 80degrees

Repeatll of theabove for the 400grammasshangingfrom an80 degreeangle.

3.3 Tensilestrength

This is a simpleexperimentto estimatethe tensilestrength(strengthlimit) of a strandof thread.
The strengthlimit is often a resultof imperfectionsin the material. As theseimperfectionscan
vary, youwill probablyseedifferencesn thetensilestrengthfor differentstrands Repeaeachof
thefollowing measurementhreetimesto seewhetheror notthesevariationsarelarge enoughto
beobsenedeasily

1. Measurethe tensilestrengthof a single strandof thread. To do this, tie a weighthangerto
theendof a strandof thread.Slowly addweightto the hanger Precisionof about50 grams
is sufficient for this experiment,so you don’'t needto useweightsarny smaller50 grams.
Find the massthatcauseshethreadto break. Thetensilestrengthof the threadis the force
of the mass(in Newtons) that causecdthe threadto break. List the forcesfor your three
measurementgemembeto includethe weightof the hanger).

2. Make aloop out of thread. Hangthe weight hangerfrom the loop andthen carefully add
weightsuntil the threadbreaks. Did this arrangemensupportmore or lessweightthana
singlethreadWhy is this the case?

3. Estimatehow mary strand<of threadareneededo suspend massof 100kgs.



3.4 Buoyantforce

In this section,youwill testArchimedes’modelfor the Buoyantforce: theupwardforceof afluid
onanimmersedbjectis equalto the weightof thefluid displacedoy the object.

3.4.1 Volumes

Youwill testthis modelfor two objects bothof which mustbe sufficiently denseto sinkin watet
For eachobject,do thefollowing.

1. Determinethe volume of the object. To do this, drop the objectinto a bealer of water
Obsene how muchthetotal volumechangesThe volumechangeas equalto the volumeof
theobject.

2. For eachobject,determingheweightof anequivalentvolumeof water To dothis, notethat
theweightof water(nearEarth's surface)is givenby

0.0098 Newtons
milliliter of water

(waterweight) = (volume (3.1)



Lab 4

Newton’s 2nd law

4.1 Atwood’'sMachine

Atwood’s machineconsistsof a singleor doublepulley with two weightssuspendedfom a com-
monstring.

g O O

The analysisof this machine,basedon Newton'’s 2nd law, is the samewhetherone or two
pulley wheelsareused.The 2ndlaw equationdor theverticalmotionsof m; andm, are

miad = T —mug (4.1)
moay = T — mag. (4.2)

Algebracanbeusedto eliminatetheforce of the string, 7", from theseequationsThis yields

miai +mig = moal + mog. (4.3)

Equation(4.3) canbe simplified furtherby recognizingthata) = —a¥; the acceleratiorof the
two massesnusthave the samemagnitude put arein oppositedirections. Usingthis in Eq. 4.3,
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we canmake a predictionfor the acceleratiorof the masse®n Atwood’s machine:

me —m
@ = ——— (4.4)
meo + My

whereg is theacceleratiordueto gravity, 9.8 m/seé.

1. Startwith m; = my = 100 grams Theseshouldbalanceandno acceleratiorshouldoccur
(af = 0).

Make sureyour stringsare long enoughso that when one weight hits the table, the other
weightis still afew inchesbelow the pulley wheel.

2. Prepargyour computerto obsene andrecordthe motionof the pulley wheels.For theDOS-
basedsystemsreferto AppendixA.4. For thewindows basedsystemyeferto AppendixB.4

3. Attach 10 extra gramsto one side of the Atwood’s machine. Now you shouldhave 100
gramsonesideand110gramsonthe other Sincethe weightsno longerbalancepncethey
arereleasednotionwill occurwhichyou shouldrecordonyour computers.

Warning! Weightsmayfly arounda bit afterthey smackthetable!

4. Eliminatedatawhich correspondso thetime beforetheweightswerereleasedndthetime
afterthe heary setof weightsstrikesthetable.

5. Plotthevelocity versugstime for themotion. Sinceacceleratiorshouldbe constantthis data
shouldapproximatelylie on a straightline. Performa straightline fit to the data. The slope
of thisline (whichis evaluatedoy thecomputer)s your resultfor theaccelerationList your
resulthere.

6. Compareheresultyouobtainfor theacceleratioro the predictionmadeby Eq.(4.4). What
is the percentagelifferencebetweerthetwo values?

7. Repeathisexperimentwo additionatimesusingthefollowing pairsof masses(100grams,
120grams)and(100grams,130grams).In eachcase comparehevalueof theacceleration
you obtainfrom the experimentto the predictionmadeby Eq. (4.4).

4.2 Newton’'s2nd Law onthe air track

Thisdiagramrepresents “cart” onanearlyfrictionlessair track. Reductiorof friction is achieved
by forcing air throughholeson theair trackwhichin turn lifts the cartslightly from the surface.
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Suspendedlass

A string attachedo the cartgoesover a pulley. At theendof this stringis a suspendednass.
With the cartheld in place,the string is taught. Whenthe cartis releasedhe massfalls to the
groundandthe air cartis yanked towardsthe pulley. A photogatgnot shavn) is usedto monitor
the spinningof the pulley spoles.

4.2.1 Theory

Newton’s secondaw givesthe acceleratiorof the suspendedassas

__ et
msusp asusp - Fsusp' (4'5)

Only two forcesacton the suspendedhass:the force of gravity (which pointsdown) andthe
string (which pulls up). We re-write Eq. (4.5) as

Msusp Asusp = Msusp § — Tsusp (46)

whereTy,, is theforceof thestringonthesuspendedassandg is theacceleratiomueto gravity,
g = 9.8m/s’ (we call thedown directionpositive in this case).

Assumingthe air track is level (checkthis beforeproceeding!)the only horizontalforce of
substantiakizeactingon the cartis the force of the string. Sofor the cart, Newton’s secondaw
gives

Meart Qeart = Tcart- (47)

Two obsenationsmake it possibleto solve theseequationsandpredictthe acceleratiorof the
suspendednassandcart. First, aslong asthe string doesnt stretch,the cartandmassmove the
samedistancein ary giventime interval. S0 ac,t = asusp- The secondobseration is not so



obvious, but if the friction in the pulley, the massof the string, andthe rotationalinertia of the
pulley areall small,thenthe string pulls onthe massandcartwith the sameforce: T...,: = Trnass-

Newton’s secondaw simplifiesto

cart: megra = T (4.8)
SUSP: Mysysp & = Myysp § — 1T (4.9)

This givesanacceleratiorof
=T o (4.10)

msusp + Meart

4.2.2 Experiment

1. Using about5 gramsfor the suspendednass,analyzethe motion of the cart afterit is re-
leased.Youwill usethepulley wheelto monitorthismotion,asis describedn AppendixA.4
andAppendixB.4.

2. After you releasehe cartthe suspendednass.cartandpulley wheelbegin to move. After
thecartreacheshe endof theair track stopdatastopthe datarecording.

3. Plotthemotionandobtaintheregressiorfit for theaccelerationRemembeto eliminateall
datawhich occursafterthe motion of the carthasbeenobstructed.

4. Obtainthe acceleratiorfor suspendedhasse®f 5, 10, and 15 grams.List the acceleration
obtainedalongwith eachmass.

5. Compareyour acceleratiorresultsto the theoreticalpredictionsmadeby Eq. (4.10). Give
the percentagelifferencefor eachcase.



Lab 5

Friction

5.1 Coefficientof Friction |

For this experimentyou will measurehe coeficientof friction betweerawoodblock andawood
surface.Youwill beprovidedlargewoodenblocksandfriction tablegwhosepitch canbeadjusted)
to which pulleys areattached.

You will slide a block acrossthe surfaceseveral timesunderdifferentconditions. However,
You needto ensureyou areusingthe samecontactsurface,i.e. the block is alwaysplacedat the
samepositionon the surface. Also, to be consistentMake surethat the sameside of the wood
block is alwaysin contactwith the surface. Thesestepsarenecessaryo ensurethata consistent
contactsurfaceis usedfor all thetrials.

1. Obtainthe massof the block usingthe large balanceby theair tracks.

2. Make the friction table horizontal (0°). Placethe block on the surfaceand pull the string
attachedo the block over the pulley. Attach a weighthangerto the otherendof the string
andstartaddingweightsuntil the hangingmassforcesthe block to move. The weightthat
forcesthe block to move is approximatelyequalto the maximumstaticfriction betweerthe
block andthefriction table.

3. Themaximumestaticfriction is approximatelygivenby

max _ ,
Fgtatic= Hstaticf normal (5.1)

where Fj,ormalis the normalforce betweerblock andtable. Whenthe tableis horizontal,
Formalis the sameastheblock’s weight. Having determinedhe block’s massandhaving
obtainedFLiax, you shouldbe ableto estimateugiatic
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4. Repeathisexperimentor thecasevhenthenormalforceis approximatelydoubledachiered
by placingextra masson top of the block). This shouldincreaseFTg‘t)i( aswell. After mak-
ing your measurementsbtain pgi4tic With this new setof norma?ané: maximumfrictional
forces.Is ugiaticaboutthesameasyour previousestimate’Doestheassumptionthat it tic
is constanappeajustifiedin this case?

5. Thecritical angle,d., for whenan objectwill slide down a non-horizontakurfaceis given
by
Useyourresultfor pigiaticto predictwhatf. will be. Comparethisto 6. obtainedby varying
theangleof thefriction table.

5.2 Coefficientof Friction, Il

Obtainthe coeficient of staticfriction, u,, betweemawoodblock anda desk.

1. Attachapulley wheelto the edgeof thelab desk.

2. Runastringfrom thewoodblock andover the pulley wheel. Attacha weighthangetrto the
otheredgeof the string.

3. Findthestringtension(equalto theweightof thehangingmassYyequiredto budgetheblock.

o max
Thisis calledFStatic

4. Determinethe coeficient of friction,
Fma)_(
s = = static (53)
normal
5. Repeatthis experimentwhile placing the block at four different startingpositionson the

table(the positionsmustbe chosersothatthe stringstill goesstraightover the pulley).

6. Yourresultscanbesummarizedy atablethatlookslik e thefollowing:

position || Faz | is
A
B
C
D

7. Repeatthis experimentafter placing 500 gramsof masson the wood block (remembeito
keepthe samesideof the block in contactwith the table). Remembethatthis changeghe
normalforce betweertheblock andthetable. Make atablejustasabove.

8. Doesthe rangeof u; valuesdependstrongly on the normalforce betweenthe block and
table?WhataboutF;,,,,?



Lab 6

Work and Energy Consewation

6.1 Pendulum

A pendulumconsistof a massve “bob” connectedy a stringto a support. Whenthe pendulum
swings,eneqgy is constantlychangingfrom potentialenegy (which is highestwhenthebobis at
its highestpoint) to kinetic enegy (whichis highestwhenthebob passeshroughthelowestpoint
of its motion).

In this experimentyou will try to verify thatthe changen potentialenegy in goingfrom the
highestto lowestpoint goesinto changingthe kinetic enegy by (nearly)the sameamount.

1. Make a pendulumby connectinga massto a string that hangsfrom a support. Make sure
thatit is ableto swingfreely andthatthe amplitudeof oscillationisn’t damped-ouguickly.

2. Set-upthePascomotiondetectorsothatit is ableto recordthevelocity of thebobasit passes
throughits lowestpoint. For thisto work, the bob mustbe goingdirectly towardthe detector
asit passeshroughthelowestpoint.

3. Usinga meterstick, have thebobstartat threedifferentheights.For eachheight,recordthe
bob’s speedasit passeshroughthe minimum.

Sharpspikeswill occasionallyappeatin the velocity curveswhenthe pendulumbob goes
out of the “view” of the motion detector Make sureyou only usethe smoothpart of the
velocity curve whenobtainingyour measurements.

4. Make atableshawing the changen potentialenegy versusincreasdn kinetic enegy that
lookslik e thefollowing: (thisis justa sample don't expectyour resultsto look exactly like
this)
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h (top) PE(top)=mgh v (top) KE(top) = 1/2 m v? PE+ KE
h (bottom) | PE(bottom)=mgh | v (bottom) | KE(bottom)=1/2 mVv? || PE+ KE
1.10m 0.21J 0 0 0.21J
0.93m 0.18J 0.53m/s 0.035J 0.215J
1.20m 0.24J 0 0 0.24J
0.93m 0.18J 0.77m/s 0.055J 0.235J

5. For eachinitial heightof the bob, is the total enegy aboutthe sameat the high and low
pointsof its motion?

6.2 Inclined Plane

An (small)air trackwill beusedto minimizefriction. Youwill notneedto hookup acomputeito
completethis exercise.

Whentheair trackis atanangle,a cartwill slidebackwardsbecausef gravity. As thecartis
tilted further, theforce of gravity is moreandmoreeffectivein pulling onthecart.

1. With asmart-pullg attachedo the high endof aninclinedair track,run a stringfrom anair
cartto aweightholderthathangsfrom the othersideof the pulley.

2. Add or remove weightsto the holderuntil the forcesareasbalancedaswell asis practically
possible.(mass)(greity) for the suspendeaveightis the minimumforce neededo pull the
cartup theincline.

3. Measurehow muchthe heightof the cartchangesvhenyou pull the weightdown 30 cm (it
shouldbe easyto move theweightsincethe forcesarenearlybalanced).

Thework doneby theweighton thecartis approximately

work done= (masg(gravity)(0.3 m). (6.1)
Thechangan potentialenegy of thecartis
A PE= (masggyt) (gravity) (changan heightof cart). (6.2)

How doesthe work doneby the weight compareto the changein potentialenepgy of the
cart?

4. Repeathis experimentusinga steepeanglefor theair track.



6.3 Pulley

Justliketheinclinedplane,the pulley enables/outo lift aheary weightwith asmallerforce. The
trade-of is that you mustapply the force for a large distanceto changethe heightof the heary
objectby asmallamount.

1. To string up a pulley, you begin by hangingonesetof pulley wheelsfrom a high bar The
large masswill hangfrom the othersetof pulley wheels. For help on how to run a string
throughthe pulley wheelslook atthe cartoondiagramof pagel08in Conceptual Physics.

2. With a500grammasshangingfrom the bottompulley, seehow muchforce mustbeapplied
to the supportstringto balanceheweightof the 500grammassandthe pulley wheelthatit
hangsfrom.

Oneway to do this is to placea weight hangeron the supportstring and add and subtract
weightsuntil the forcesarebalancedThe balancingforceis equalto (mass)(graity) where
massis the massof theweightson the supportstring.

3. Measurenow muchthe 500 gramweightgoesup whenyou pull the supportstring 20 cm.
Sincetheforcesarenearlybalancedyou shouldnot needto provide muchforceto raisethe
weight.

Thework doneby the balancingforceis equalto (mass)(greity)(0.20 meters).The change
in potentialenegy of the500gramweightplusthepulley wheelit hangfrom is (0.500 kg+

mas$,|iey wheel (gravity)(changen heighi.
How dothesenumberscompare?

6.4 Potential Energy of a Spring

Thework doneonanobjectis equalto (Force)(distanceyvhentheforceis constantWith aspring,
it takesmoreandmoreforceto stretchit furtherandfurther To getthe spring’s potentialenegy
we needto to breakthe stretchingprocesdnto piecesandusethe usualformulafor work over a
smalldistancewvhere(hopefully)theforce doesnot changeoo much.

1. Youwill stretchthespringin 8 stepswith eachstepequalto 5 cm.

2. Useanelectronicforce meterto verify thatthe force necessaryo hold the springin place
increasessthestringis stretched.

3. As you stretchyour spring,try to eliminatefrictional forcesthatmight help hold the spring
in placeandruin your force measurements.



4. Make a table of force versusstretchingof the spring. It shouldlook somethinglike the
following. Theextracolumnswill be explainedbelow.

stretch| force | averageforce | work fromlast| total
betweerpoints| pointto here work
0 ON 0 0
0.55N
0.05m | 1.1N 0.0275J 0.0275J
1.65N
0.1lm | 2.2N .0825J 0.11J
2.8N
0.15m | 3.4N 0.14J 0.25J

Thenumbersn bold facearethe onesyou actuallymeasurahe restyou will figure outon
your calculator

5. Sincetheforcebetweerpointsis changingmake a columnwith the averageforcewhichwe
assumeo be one-halfof the sumof thebeginningandendingforces.

6. Computethe work donebetweenpoints. This is equalto the averageforce betweerpoints
timesthedistancebetweerpoints(0.05m in this example).

7. Make anothercolumnwhich addsup all the work donein stretchingthe springup to that
point. This numberis equalto the potentialenegy of the springwhenit is stretchedhisfar.

8. Make asimpleplot of the potentialenegy of the stringversushow far it hasbeenstretched.



Lab 7

Consewation of momentum

7.1 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresents carton anair track. Theforce of friction betweerthe cartand
track is reducedby forcing air throughholeson the air track which in turn lifts the cart slightly
from thesurface.

Ontopof theair cartis anopaqueflag.” Whenthecartmovesontheair trackit passesindera
PascophotogateassemblyPascosoftwareon a computerevaluateghetime interval duringwhich
theflag closeshe gate(preventinglight from passingrom onesideof the gateto the other).

This time interval alongwith the flag sizeis usedto obtainthevelocity of the cart.

photogate

Air Track

3]\;’able



7.2 Velocity Measurement

Author’ s note: The following instructions are for the DOSVernier setups. Instructions for the
Windows/Pasco setup were not ready at the time of printing. These will be provided at lab time.

First, you will needto roll a computercartcloseto anair track. Placetwo photogateslong
theair track and plug theminto the input adaptercomingfrom the computer Turn the power on
for the computerandmonitor. Whena menuappear®n the computeychoosethe<pr eci si on
t i mer > menuitem. After you enterthe precisiontimer program,choosemenuitem <C> for the
Collision Timer.

Onceyou enterCollision Timer modeand press<ent er > again,thenboth photogatesare
readyto take data.Pushanair cartsothatit passeshroughboth photogatesHit <ent er > once
you arefinishedtaking data. Eachphotogateshouldshonv onedatapoint. A datapoint describes
thedurationof time (in secondsjhatthe photogatevasblockedby theflag ontop of thecart.

Onceyou have ensuredhat the photogatesre operational try to make the track aslevel as
possibleto eliminateacceleratiomdueto gravity in thefollowing measurementd§.o seeif thetrack
is uneven,placea cartin the centerof thetrack. If the cartdrifts, thetrackis unevenandshouldbe
adjusted.

1. To obtainthe cartvelocity, you will needto measureghe width of the flag on top of the air
cart. Usearulerto obtainthe width of theflag to thenearestmm (0.1cm).

2. Preparethe computerfor taking dataandthenpushthe cart throughthe photogatesOnce
the cartis throughbothgateshit <ent er > sothatthe computerstopstakingdata. You are
now readyto obtainvelocity values.

3. The computershould shaov the amountof time that photogatel and photogate2 were
blocked. Use both of thesemeasurement® obtainthe velocity asthe cart moved down
thetrack.

flag size

locity throughph photogatdime’
velocity throughphotogate= photogatdime

(7.1)

4. If thetrackis exactlylevel andfriction is completelyeliminated thenthecartvelocity should
bethe samethroughbothphotogatesWhatis the differencebetweeryour photogateveloc-
ities?

5. Repeathis experimentwith the cartmoving in the oppositedirectionon thetrack. To dis-
tinguishthe velocity in this casefrom motionin the otherdirection,list the velocity values
for this case as negative. Compardnitial andfinal photogatevelocitiesasyou did before.



7.3 Collision Experiment Set-up

Thefollowing diagramrepresentswo cartson anair track. Ontop of eachair cartis aflag. When
the cartsmove on the air track they passundera Pascophotogateassembly The Pascosoftware
evaluateghetime intervals during which the flags closethe gates(preventinglight from passing
from onesideof the gateto the other).

Next, the cartscollide betweernthe photogatesEitherboth cartswill recoil backthroughtheir
initial photogate®r bothwill continuein thesamedirectionandpasshroughthe samephotogate.
In eithercaseyouwill beableto getthetime readingsecessarfor determininghefinal velocity

for eachcart.

photogate photogate

] Flag \ \ ] Flag

Air Track

Table

7.4 Elastic Collision

Make surethereis a flexible springon the colliding side of eachcart so thatthey easilybounce
from eachother Also, ensure that your air track is as level as possible. To do this, placea single
cartat the middle of the air track. If it moves,thenthe trackisn’t level and shouldbe adjusted.
Most of theerrorin this experimentwill bedueto having anuneventrack.

1. Obtainthemassof eachcart.

2. After puttingthetwo photogaten collision mode,sendthe cartsthroughthe photogateso
they collide in the centerandrecoil backthroughthe photogate.

List thetime interval for eachflag to passthroughits first photogate Obtainthe velocity of
eachcartby usingEq. (7.1). Make surethevelocity is listedasnegative if the cartis moving
to theleft.

3. List thetotal momentunof the cartsbeforethe collision using

totalmomentum= (mass)(velocity, ) + (mass)(velocity,). (7.2)



4. List the time interval for eachflag to passthroughits photogateafter the collision. Once
again,useEq. (7.1)to obtainthevelocity of eachcart.

5. Determinethetotal momentunfor thetwo cartsafterthecollision. Shav how you obtained
your result. Is it closeto the total momentumbeforethe collision? Remembeithat this
analysisrequiresyou to distinguishbetweerpositve andnegative velocities.

6. Determinethe momentunchangefor eachcart. How do thesecompare?

7. Comparethe total kinetic enegy beforethe collision to the total kinetic enegy after the
collision.

7.5 Inelastic Collision

Putputty betweerthetwo cartssothatthey stick togethemhenthey collide. As before,have the
cartscollide betweerthe two photogates.

1. List thetime interval for eachflag to passthroughits first photogate Obtainthe velocity of
eachcartby usingEq. (7.1).

2. Determinethetotalmomentunof the cartsbeforethecollision.

3. List thetime interval for a flag to passthrougha photogateafter the collision. (Sincethe
cartsaremoving togetheyyou only needto obtainthe velocity for onecart.) UseEq. (7.1)
to obtainthevelocity of the carts.

4. Determinethetotal momentunfor thetwo cartsafterthecollision. Shav how you obtained
your number Is it closeto thetotal momentunbeforethe collision?

5. Determinethe momentuncthangefor eachcart. How dothesecompare?

6. Comparethe total kinetic enegy beforethe collision to the total kinetic enegy after the
collision.



Lab 8

Moment of Inertia and Torque

8.1 Moment of Inertia Apparatus

SmartPulley

0

Suspendedlass

The momentof inertia apparatusonsistsof a rotating supportapparatugnountedon an ad-
justablebase.Onacylinder connectinghe supportto the baseas apeg for attachinga string. After
attachinga string to the peg, the stringis wrappedaroundthe cylinder severaltimesandthenthe

stringgoesfrom the cylinder andover thetop of the pulley. Weightsareattachedn the otherside
of the pulley.

Theweightwill createensionin thestring. Thisin turnappliesatorqueto therotatingsupport.
Therotatingsupportspinsastheweightdrops.

Various objectscan be placedon the supportwhich resultsin anincreasein the rotational
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inertia.

8.1.1 Theory

Appliedto thehangingmassNewton’s 2ndlaw gives

mpa=mpg—"T (8.1)

whereT is theforceof thestringonthesuspendethassandg is theacceleratiomueto gravity
(we call thedown directionpositive in this case).For therotatingsupportwe have

Ia = The (8.2)
= Tr—1p (8.3)

wherer is theradiusof the cylinder aroundwhich the stringis wrapped.We alsoincludea 7z to
modelfriction opposinghetorquethe string appliesto the support.

We canusetherelationa r = « (the string unwrapsat the samerate asthe weightfalls) and
eliminate?” from this coupledpair of equationsWe get

7 = mp(g — a)r — La/r. (8.4)

To getanapproximatevaluefor 7 appropriatdor whenthe objectis rotating,find the massm,,
whichjustbarelymakesthesupporispin. Sincea is aboutzeroin Eq.(8.4),we gettheapproximate
valuerr = m,gr.

Onceavaluefor 7 is estimated] canbeobtained.To do this, increaseghe hangingmassand
measurdaheresultingaccelerationg, usingthe Pascophotogatedimersandthe specialpulleys. I
is thengivenby

I mp(g —a)r?  mygr?

(8.5)

a a

8.1.2 Moment of Inertia of the Supporting Apparatus

Beforeaddingdisksandrings,we needto obtainthe momentof inertiafor the baresupport.

1. UsingaVernierCalliper, measureheradiusr of thecylinderonwhichthestringis wrapped.

2. Findm,, themassneededo startthe supportrotating.



3.

Usingalargerhangingmassn,, determinetheresultingaccelerationg.

Thebestway to obtaina is by usinga smartpulley attachmento ScienceNorkshop.Make
a graphof velocity versustime. Use ScienceWorkshopto obtainthe slopeof the velocity
versudime curve for when the hanging mass is accel erating downward. This slopeprovides
thea valuethatis usedin Eq. (8.5).

Repeatthe acceleratiormeasurementising a larger hangingmass,m;. Both a andm,,
shouldthenbelarger, Find I,,,,,+ againusingEqg. (8.5). How closeareyour two resultsfor

1 suppo'rt?

8.1.3 Moment of inertia of aring

1.

2.

Placethesolidring in thesupport.

Findthenew (andlarger)m, neededo make theapparatuspin.

. After increasinghe hangingmassappreciablymeasure.

Obtainthetotalmomentof inertia, I;,:4;, USINgEQ. (8.5). To getthemomentof inertiaof the
ring, you needto subtracthe momentof inertiafor thesupport:1,ing, = Liotar — Lsupport-

Comparethe valueyou obtainto the theoreticavalue: Iing = mying(R? + R3)/2, where
R, and R, aretheinnerandouterradii of thering.

8.1.4 Moment of Inertia for a Disk

1. Repeathepreviousstepsto find 1.

2. Comparehisto thetheoreticavalue, ;. = mdiskR2/2 whereR is thedisk’s radius.

8.2 The Moment Apparatus for the Force Table

The force table can be modifiedto examinethe balanceof torqueaswell asforce. First a flat,
greasedlisk is placedover the centeringpin on the force table. Next, threeball bearingsare
placedonthedisk at evenly spacedocationson the greasedideof thedisk.

A secondlisk with holesfor insertingpinsis placedover the centeringpin andontothe bear
ings. At this point you shouldmalke sureyour force tableis level. The top disk shouldstayin
positionafterit is centeredover the force table. Leveling screvs arefound on the bottomof the
stand.



Attach stringsto pins at the locationsshavn belowv. Runthesestringsover pulleys attached
to the edgeof the force table. Althoughthe pin locationsareat 12(0° angleswith respecto each
other all stringsshouldbe parallel(straightup anddown in thefigure).

200 g

300

120
240

0 0o0e 000

m2 m3

8.2.1 Balanceof Torques

Onceyour set-uplookslik e thediagram(andthe pulleys aremounted) begin attachingweightsto
thepulley strings.Youwill wantto usetheweighthangersoyou canaddandremove weightsfor
m2 andm3. Thetop weightis fixed at 200 grams.Begin by usingabout100 gramseachfor m2
andmg3.

1. Add or remove weightsfor m2 andm3 until the thetop disk no longerrotatesandremains
centeredverthecenteringpin. Whenthis balances reachedmake surethatthe pulleysare
positionedsothatthey don't addfriction to thestring. Have melook atthe set-upwhenyou
think you have balancedheforcesandtorques.

Whatarethevaluesof m2 andm3 whenbalanceds achiazed?

2. Do theweightsonthe pulley stringsaddto give a netforce of zeroon the disk? Remember
thatforceis a vectorandthedirectionsof the stringsareimportant.

3. Doesthe sumof thetorquesfrom all threeweightsaddto zero?Recallthatthetorquefrom
eachforceis equalto (force)(momenarm).



Lab 9

Harmonic Motion

9.1 Evaluation of the force constant,k
Usethefollowing procedurdgo measureheforce constanfor two dissimilarsprings.

1. Suspenaspringfrom ahangermandmeasuréts length,l,, in theabsencef adanglingmass.

2. As you adda massto the spring, the masss force, ;s = M g, stretcheghe springto a
lengthl.,(M) thatincreasess M increasesGenerata tablethatlooks somethindik e the

following:
M (kg) | Mg (Newtons) | l.,(M) (meters)| l,(M) — I, (meters)
0.00 0 0.15 0.00
0.10 0.98 0.17 0.02
0.20 1.96 0.19 0.04
0.5 4.9 0.25 0.10

3. For areasonablamountof stretchingspringsobey the equation
F =Fk(leg— o) (9.1)

where F' is the force stretchingthe spring. Thus, a plot of F' versusl,, — [, shouldbe a
straightline with the slopeequalto . In thefollowing, youwill producea computemplot of
your dataandusethis to obtainanestimateof k& for the spring.

(a) Useeithertheslow terminalin thelab (labeled‘weyl!”) or theterminalslabeled*abel”
and“galileo” in the Math computerroom next door to log into the computerin my
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office named‘sakhar@.” weyl is readyfor immediatelogins. However, you first have
to doubleclick on“sakhare” from the XDMCP menuon abelandgalileo.

You canlog in underoneof theaccountsetupfor Physics211: phy21laphy211b.or
phy211c.Yourgroupwill beassignednaccountandpassverd for thislab session.

(b) Onceyou have loggedon, left-click on the penguinon the top of the screen. This
producesa menu.Onthis menu,click “applications”’andunderthe sub-mentclick on
“kedit”

(c) Simplytypeinyourl,, —l,, F', datain columnformat:

0.0 0.0
0.02 0.98

(d) Onceyou arefinishedtyping your data,go to the“file” menuin thekeditwindow and
thenclick on*“save’ The programwill askyouto namethefile. After you namethe
file, the editorprogramwill exit.

(e) Onceagainunder“applications”click on“xmgr.”

() This will bring up a plotting program. Underthe “file” menuon this program,click
on“readsets. A window is createdvhich allows you to scroll throughyour accounts
list of files. Oneof thesefiles shouldbethe datafile you just created Doubleclick on
thisto bringthe datainto the program thenremove thiswindow usingthe buttonin the
upperleft cornerof the window.

(g) Hit the“AS” buttonto scalethe plot. You shouldseea line representing/our dataif
everythingworkedright.

(h) Next you will obtaina regressionfit to your data. Underthe “data” menuon xmgr,
select‘transformations. Underthe new sub-menuselect‘regressiori. After you have
told thecomputeron which datasetto performaregressiorfit, afit will be performed.

() A new window appearsThevalueof theslopefor thefit appearsn thiswindow. Write
down thevalueof this slopeasthisis your resultfor k.

() If thisall worked,congratulationsHit, the print buttonanda plot shouldappeanonthe
printerin the Math computeroom.

(k) Onceyou arefinishedwith your plot, log off of the computer To do this, left-click
on the penguin,go to “close” on the menu,andunderneathhe sub-menwclick “exit
window managet

9.2 Oscillation frequency

1. Suspenda massof averagesize from one of your springsand setthe massin oscillation.
Measurehe amountof time it takesthe massto make aboutfive full oscillations.Fromthis
estimatetheperiod,T’, andfrequeng, f, for this mass-springombination.



2. Compareyour experimentakesultto thetheoreticakresult:

f= QL\/E (9.2)
mym

3. Repeathis measuremerandcomparisorwith your otherspring.






Lab 10

Standing wavesand resonance

10.1 Intr oduction

Tuning forks generatesoundwaveswith a dominantfrequeng, f. We have threetuning forks,
eachlabeledby its dominantfrequeng in units of Hertz (oscillations/sec)Like all linearwaves,
soundwavessatisfythe wave equation:

fA=w. (10.1)

So,if you measurdghe wave length, A, for the soundwavescomingfrom atuningfork, thenyou
canusethis alongwith the known value of f in Eq. (10.1)to obtainthe soundvelocity, v. In
principle, the v valuefor eachtuning fork shouldbe the same;soundvelocity is independenof
frequeng. To within experimentakccurag, we will verify thatthisis thecase.

We will usea propertycall resonancéo determine\ for eachtuningfork. Resonancevill be
describedn moredetailduring lecturelaterthis week,but we will provide a brief explanationof
how it workshere.

If atuningfork is placeabore anopencolumn,thensoundwaveswill besentdown thecolumn,
beforebeingreflectedat the baseof the column. Thesesoundwavesarethenreflectedbackup
towardsthetuningfork.

Now for a setof specialcolumnlengths,
L=MXA4+¢, 3\/4+¢, bA\/d+¢c, - -, (10.2)

thereflectedsoundwavesareexactly in phaseawith thesoundwavescomingdown into thecolumn.
Here,c is anendcorrectionfactor a constanthatdependson the geometryof the openend(top)
endof thetube. Sincetheamplitudef soundwavesadd,thenetsoundwave amplitudein thetube
isenhancedh thiscase.Thisis calledresonancandmanifeststself in asubstantiaincreasen the
vibrationalamplitudeof theair in thetubewhich canbedistinctly heard . evenwhenthefork itself
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istooquietto beheard.WhenL isn’t oneof thesespecialvalues thenthephasedbetweeneflected
andincidentwavesareessentiallyandomleadingto cancellatiorof the soundwave amplitudein
thetube.

Thus,finding the columnlengthswhereresonancés obsenedcanbeusedto determine\ and,
thus,the soundvelocity, v.

10.2 Determination of resonance

A plastictubewith level markingsis connectedo a waterreserwir thatcanbe usedto adjustthe
waterlevel in thetube. Thedistancebetweerthetop of the columnandthe waterlevel is equalto
(to agoodapproximation)L, theair columnlength.

A tuning fork is held over the openend of the tube. Whenthis is setinto vibrations, L is
adjustedoy slowly varyingthe heightof thewaterreserwoir.

1. Startwith the smallestL valuepossible(wateris highin thetube). After the tuningfork is
setin vibration,adjustLZ until resonancef theair columnoccurs.

2. For eachof thethreetuningforks, find all the L valuesthatproduceesonance(Thereshould
be aboutoneto threeresonant. valuesfor the threeforks you will use.) You may needto
add/remee waterfrom thereserwir to vary thewaterlevel in the tubefrom top to bottom.
Mark resonanc@ositionswith rubberbandsthathave beenplacedon thetube.

3. Thedistancebetweerresonancevaterlevelsis A\/2 for a particulartuningfork. Usethisto
determinghe \. If therearethreeor moreresonantvaterlevels,usethe averageseparation
betweerresonantevelsto obtainyour bestestimateof A\/2. However, for lower frequeny
tuningforks, you mayfind only two resonantevels.

4. Obtainthe soundvelocity, v thatyou obtainusingthe f and\ valuesfor eachfork.

5. You shouldhave threeestimatedor v, onefrom eachfork. Give the percentagelifference
betweerthe smallestandlargestvaluesof v thatyou have obtained.



Appendix A

Precisiontiming: DOS/\ernier

A.1 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresents carton anair track. On top of the air cartis anopaque‘flag.”

Whenthe cartmoveson the air trackit passesindera PascophotogateassemblyPascosoftware
on a computerevaluatesthe time interval during which the flag closesthe gate(preventinglight
from passingrom onesideof the gateto the other).

This all the photogateslo, the measurehetime thatlight is blocked. However, usingthistime
interval alongwith measuremerdf the sizeof theflag providesa meandor obtainingthe velocity
of thecart.

photogate

Air Track

Table
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A.2 Velocity Measurement

Placetwo photogatesalongthe air track and plug theminto the input adaptercoming from the
computer Turn the power on for the computerandmonitor. Whena DOS menuappearson the
computey choosethe <pr eci si on ti mer > menuitem. After you enterthe precisiontimer
program,choosemenuitem <C> for the Collision Timer.

Onceyou enterCollision Timer modeand press<ent er > again,thenboth photogatesare
readyto take data.Pushanair cartsothatit passeshroughboth photogatesHit <ent er > once
you arefinishedtaking data. Eachphotogateshouldshov onedatapoint. A datapoint describes
thedurationof time (in secondsjhatthe photogatevasblockedby theflag ontop of thecart.

Onceyou have ensuredhat the photogatesre operational try to make the track aslevel as
possibleto eliminateacceleratiordueto gravity in thefollowing measurements.

e To obtainthe cartvelocity, you will needto measurehe width of the flag on top of the air
cart. Usearuler to obtainthe width of the flag to the nearestnm (0.1 cm). List your value
in centimeterdere.

e Preparehe computerfor taking dataandthen pushthe cartthroughthe photogatesOnce
the cartis throughbothgateshit <ent er > sothatthe computerstopstakingdata. You are
now readyto obtainvelocity values.

flag size
photogateblockingtime’

speedhroughphotogate= (A1)

A.3 Picketfence

e Plugaphotogatento the graycomputemplug with ablackband.

e Startthe Vernierprecisiontiming softwareby selecting<pr eci si on ti nmer > from the
menuthatappearsvhenthe computerstartsup.

e Choose<M to startthemotiontimer. Thecomputeris readyto recordandwill startrecord-
ing whenthe photogatas blocked.

e Dropthepicketfencethroughthe photogate.
e Hit <r et ur n> to stoprecording.
e Now you needto analyzethe data.Startby entering<G> to getthegraphmenu.

e Chooseavelocity versugime graphfrom thegraphmenu.



e SelectcC> to setthedevice to bea picketfence.

e Next is the graphstyle menu. This is a little more complicated. You can scroll through
the itemsandturn themon andoff by pressingthe spacebar. Turn on “point protectors,
“regressioriine,” and“statistics. Whenyou arefinished,hit <r et ur n>.

e Choosé‘automaticscaling,variableorigin” for bothaxes.

e Thegraphwill appeamwith theregressiorfit. The slope(“M”) is the bestestimatefor the
acceleratiorof the picketfence.

A.4 Pulley wheelmotion timing

e Startby settingthe precisiontimer softwareto usethe motiontimer.

e Themotiontimer startstakingdataimmediately Thisis okaysinceyouwill havetheoppokr
tunity to deletedatapointswhich have nothingto do with this experiment.

e After you releasehe cartthe suspendednassandcartwill move aswill the pulley wheel.
After thecartreachesheendof theair track stopdatataking by hitting <r et ur n> onyour
computer Thereis no rushin hitting <r et ur n> at preciselythe right moment. You can
manuallydeletepointswhich occuraftercollision. They will beeasyto find asyou progress
throughthe dataanalysisportionof theexperiment.

e Whenyou hit return,alist of timescorrespondingo successie turnsof the spoleswill be
listed. Scanninghroughthis list you shouldbe ableto pick out onesthatshouldbe deleted.
Make alist of pointsto deletebeforepressing<ent er >.

e You will be presentedvith several options. The threeyou are mostlikely to useare <X>
(to starttiming all over again),<D> (to deletedatapointsbeforeanalyzingdata),and<G>
(to goaheadandgraphdata).Deletedatapointsasyou seenecessaryThengo aheado the
graphmenu.

e Therearegraphmenuitemsfor plotting the distanceyelocity, andacceleratiorior the mo-
tion you have justobsenred. Startoff by looking at velocity. However, you maywishto look
atthe otheroptionslaterafteryou arecomfortablewith the program.

e To getvelocity you not only needtime, but alsodistance.Somehav the programneedso
know how muchthingsmovedduringthetime intervalsit hasrecordedIf youareasfoolish
asyour instructor you will assumehatyou areusinga pulley with tenspoles. Count’em;
therearejust eight. So hereyou needto usethe <D> for “other” This will give you the
opportunityto putin thecorrectdistance0.0175meters.

e Next youwill beprovidedsereralgraphoptions.Of these youwill wantto plot the points,
perform statistics,and do a regression(options are activated/deactiatedby pressingthe



spacebar whenthe optionis highlighted). The regressionwill do a straightline fit to the
velocity curve. The slopeof this curve is the experimentalvalue for the accelerationthe
number that you want from all these steps.

¢ Whenyou examinethevelocity graph,you mayfind thatseveraldatapointsattheenddon't
lie on the straightline fit asthey correspondetb datataken afterthe cartcollided with the
end.If thisis the casego backto thedataanalysismenuanddeletethesepointsandthengo
backandreplotto getanimprovedfit for the slopeof thevelocity curve.



Appendix B

Precisiontiming: ScienceWorkshop

Theseareasummaryof instructiondor usingthe ScienceNorkshopcomputeiinterfacefor making
a variety of measurementsThe instructionsare not completeand you may needhelp from the
instructorthefirst few timesyou usethe system.

B.1 Starting ScienceéWorkshop

ScienceWorkshopis installedonly on Windows basedcomputers.Thefirst stepin usingScience
Workshopis to simplylocatethe SciencéMorkshopicon ontheWindows programscreen Double-
clicking ontheicon startsthe ScienceWorkshopprogram.

B.2 Photogatetiming of air cart velocities

e Referto thediagramin AppendixA to seehow a photogatdimeris placedon anair track.

¢ Plugthephotogatento thedigital channereceptaclesnthe Pasco700interface.

e Let the computerknow thatyou are plugginga photogatesnto the digital plug-inson the
Pascor00interface.Thisis accomplishedby dragginga“plug” iconontothechanneldeing
used. After you dragtheicon, thenyouwill beaskedto selectthetype of instrumentoeing
used.

e Setupthe programto make a tablerecordingthe amountof time eachphotogateas blocked.

e Hit the“"REC” buttonto initiate datarecording.
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e Sendan air cart throughboth photogates. Eachtable will shav the amountof time the
photogatevasblockedwhentheair cartpassedhrough.

e Thespeedf theair cartthrougheachphotogates givenby

flag size
photogateblockedtime’

speed= (B.1)

B.3 Photogatetiming of picket fencevelocity

e Startthe Science Workshop softwareon the computer

e Letthecomputerknow thatyou areplugginga photogatento oneof the digital plug-inson
the Pasco700interfaceandthatthe photogatewill be usedwith a picketfence.

e Setuptheprogramto make bothagraphof velocity versugime. Do this by draggingagraph
iconontothe plug you areusingfor the photogate.

e Tell thecomputerto startrecording.It only will startmeasuringdatawhenthe photogatés
blocked.

e Hangthepicketfencejustabove the photogateandthendropit through.
e Hit the stopbuttonon thecomputerto stoprecording.

¢ In thevelocity graphwindow, isolate(boxit in usingthe mousecontrolof thecomputerthe
partof thedatawherethe picket fenceis passinghroughthe gate.

e Usethe statisticmenu (X button) to perform a regressionanalysisof the velocity versus
time data. This will producea straightline fit to your data. The slopeof thefit is your best
estimatefor the acceleratiorof the picket fenceasit droppedthroughthe photogate.

B.4 Pulley wheeltiming

e Selectthe sciencesoftwarepackagdrom thewindows menu.

e In the Scienceworkshopdisplay dragananalogplug into the plug-in thatthe smartpulley
to which the smartpulley is attached.You will be askedwhattype of probeyou areusing
andyou shouldchoosehe 10-spolke smartpulley.

e Draga graphicon on top of the plug-in you areusing. You will be asked whatshouldbe
plotted. Choosevelocity versugime.



Datarecordingcommencesfteryouclick onthe“REC” buttonandthe pulley wheelbegins
to turn.

Stoprecordingby hitting the“STOP” button.

Youshouldnow have avelocity versugime graph.Choosehe ¥ buttonto analyzethegraph
data.

Selecttheregressiorfit to performa straightline fit (correspondingo constanticceleration)
to thedata.

Thefit maynotbegoodbecaussomeof thepointswill correspondo whenmotionhasbeen
alteredby anobstruction.Usethe mouseto box the partof the graphdatawhich represents
unobstructeanotion.

A new regressiorfit shouldappeamwhich shouldmatchthe datawell in the boxed region.
The softwarealsoevaluateshe slopeof the regressiorfit. This slopeis your resultfor the
acceleration.



