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Preface

Thesearethelaboratoryexperimentsperformedin Physics112andPhysics212duringtheFall of
1998.Theonly changesarea few correctionsmadeafterthefact.

This is first attemptat producingaBHSUphysicslabmanual.It is notmeantto beapolished,
finishedmanualto be usedfor yearsandyears. It is just meantasa first stabat organizingthe
laboratoriesaroundtheequipmentwehadat thetime.

Beginningin theFall of 1997,aprocesswasstartedto basethelaboratoryonexperimentsusing
thePascocomputerinterfacesystem.A largenumberof experimentshereusethissystem.Someof
theterseinstructionsherecanandshouldbesupplementedwith moredetailedinstructionsfound
in thePascophysicsexperimentmanuals.Copiesof thesemaybefoundin thephysicsinstructor’s
office.

OlderVerniercomputerinterfacesarealsoavailable. Instructionsfor theseDOS-basedinter-
facesappearin anappendixof thismanual.It is hopedthatadditionalacquisitionsof Pasco-based
systemswill eventuallysupplanttheDOS-basedsystems,makingthoseinstructionsobsolete.

JohnDeisz,Visiting AssistantProfessorof Physics
BlackHills 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 measurelengthsusingthreedevices: a ruler, Verniercaliper, and
micrometer. Youwill alsodeterminethepercentageaccuracy of yourmeasurementsby takinginto
accounteachinstrument’s precision. This precisionis determinedby the smallestmeasurement
unit of thedevice.

1.1.1 Ruler measurements

1. Usea metricruler to measurethelengthof thelinesbelow. Give your measurementsto the
closesttenthof acentimeter(thatis thesmallestmarkon a ruler).

2. Convert thesemeasurementsinto millimetersandmeters.

3. Calculatetheerrorfor eachof thesemeasurementsusingtheequation:

�
Error � Precsion

Length
������� � (1.1)

7



8 LAB 1. MEASUREMENTOFLENGTH AND VELOCITY

For example:
length= 5.7cm,precision= 0.1cm

�
Error � 0.1cm

5.7cm
���	��� � (1.2)

� ��
���
 �
� � � (bestto roundoff to nearestnumberin this case)

4. Is thepercentageerrorgreatestfor a largeor smallobject?

1.1.2 Vernier Caliper

� Usethe Verniercaliperto measurethe lengthof the lines in Section1.1.1(instructionson
how to usetheVerniercaliperwill beprovidedto eachgroupduringlab).

� Calculatethe percentageerror for thesemeasurements.Note that precisionof the caliper
is differentfrom that for the ruler (it measuresdistancesto within 1/10thof a millimeter).
Make surethat eachpersonin your groupmeasuresat leastoneline andthat eachline is
measuredby at leasttwo people.

1.1.3 Micr ometerCaliper

In this part,you will usea micrometerto measurethethicknessof twentypiecesof paper.

To usethemicrometer, notethe following. Themicrometerhandleturnsthroughtwo revolu-
tionsto make thejaws openor closeonemillimeter (1 mm). In two revolutions,100numbersgo
by, thusthemicrometeris accurateto within 0.01mm. (Make surethemicrometergivesa value
of 0.00mm whennothingis betweenthejaws.)

� Usethemicrometercaliperto measurethethicknessof twentysheetsof paper.

� Fromtheabovemeasurement,calculatethethicknessof a singlesheetof paper.

1.2 Speed

In this laboratorywewill usetheformularelatingaveragespeed,distance,andthetime interval,

averagespeed� distance
time interval


 (1.3)
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In
�

symbols,Eq.1.3reads �
avg � �� 
 (1.4)

1.2.1 Walking speedon level ground

1. Usea meterstick to marka four meterpath.With a stopwatch,eachpersonshouldmeasure
thetime it takesto leisurelywalk thisdistance.

2. UsingEq.(1.3),determineyour averagewalkingspeedin meters/second.

3. Americansaremostaccustomedto expressingspeedin unitsof milesperhour. To change
yourspeedfrom meterspersecond(show all your steps):

(a) changeto meters/hourby multiplying yourmeters/secondspeedby thenumberof sec-
ondsin anhour,

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

(c) changeto miles/hourby dividing by thenumberkilometersin amile (1.6).

1.2.2 Time, distance,and speed

1. Now thatyouknow youraveragewalkingspeedin milesperhour, estimatethetime it would
takeyou to walk to RapidCity (about45 miles).

2. It is approximately3000miles from Los Angelesto New York. How many hourswould it
takeyou to make this trip by walking?How many daysif youwalk 10 hourseachday?Ask
agroupmemberor theinstructorif youneedhelpwith this calculation.

1.2.3 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresentsacartonanair track.Theforceof friction betweenthecartand
track is reducedby forcing air throughholeson the air track which in turn lifts the cart slightly
from thesurface.

On top of theair cartis anopaque“flag.” Whenthecartmoveson theair trackit passesunder
a photogateassembly. The time interval during which the flag closesthe gate(preventinglight
from passingfrom onesideof thegateto theother)alongwith measurementof thesizeof theflag
providesameansfor obtainingthevelocityof thecart.
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Air Track

Table

Cart

Flag

� �photogate

1.2.4 Velocity Measurement

First, you will needto roll a computercart closeto an air track. We have two separatesystems
for measuringthe time that a photogateis blocked. If you have a DOS-basedcomputer, then
you shouldrefer to instructionsin AppendixA. If you have a Windows-basedcomputer, then
you will beusingtheScientificWorkshopsoftwarewhich is describedin AppendixB. Usethose
instructionsto determinehow to plugyourphotogatesto thecomputerandto preparethecomputer
for data-taking.

1. To obtainthecartvelocity, you will needto measurethewidth of theflag on top of theair
cart.Usea ruler to obtainthewidth of theflag to thenearestmm (0.1cm).

2. You arenow readyto measurethe velocity usingthe computerandphotogates,but before
proceedingwith thecomputermeasurements,preparefor taking a simultaneousstopwatch
measurement.

To geta stopwatchmeasurement,you will have onememberof thegroupmeasurethetime
it takesthecart to go a certaindistance(perhapsthedistancebetweenthe two photogates)
as it movesdown the air track. Of course,this will be doneat the sametime photogate
measurementsaremadesothatyoucanmakeadirectcomparisonof thesetwo methods.

3. Preparethe computerfor datataking (usinginstructionsin AppendixA andAppendixB)
andthenpushtheair cart throughthephotogates.After theair carthaspassedthroughthe
photogates,thenyou shouldhaveaphotogate-blocked-timefor eachphotogate.

4. Determinethestopwatchvalueof theaveragespeedusing

stopwatchvelocity � distance
stopwatchtime


 (1.5)
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5. The computershould show the amountof time that photogate1 and photogate2 were
blocked. Useboth of thesemeasurementsto obtainthe speedasthe cart moveddown the
track.

velocity throughphotogate� flag size
photogatetime


 (1.6)

6. If thetrackis exactly level andfriction is completelyeliminated,thenthecartspeedshould
not have changedmuchas it passedbetweenthe two photogates.What is the difference
betweenyourphotogatespeeds?

7. How do thephotogatespeedscomparewith thestopwatchspeed?Which do you think are
moreaccurate,thestopwatchmeasurementsor thephotogates?Why?





Lab 2

Acceleration

2.1 Tutorial on velocity and acceleration

2.1.1 Data in tabular format

Thefollowing two tableslist thepositionversustimeandspeedversustime for two objects.Their
motionsarenot thesamesothereis nocorrelationbetweenthetwo tables.

time position
0 sec 1.2meters
1 sec 1.8meters
2 sec 2.4meters
3 sec 3.0meters
4 sec 3.6meters

time speed
0 sec 2.3m / sec
1 sec 2.8m / sec
2 sec 3.3m / sec
3 sec 3.8m / sec
4 sec 4.3m / sec

1. For eachof theseobjects,statewhetheror not thereis evidencefor acceleration.Be sureto
stateyour answersclearlyandusethedefinitionof accelerationin your answer.

13



14 LAB 2. ACCELERATION

2.1.2
�

Continuousplot of position versustime

Analyzethe following plot which describesthepositionof a car traveling on a straightpathasa
functionof time. Wecall avelocity “positive” whenthecaris moving furtherawayand“negative”
whenit is gettingcloser.

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

2. Divide thegraphinto regionswherethereis accelerationor theaccelerationis zero.Where
theaccelerationis not-zero,statewhetherit is positiveor negative.

You mayfind it helpful to make labelsfor thevelocity on thetop sideof thecurve andlabels
for accelerationon thebottomsideof thecurve.

2.2 Estimateof � , the accelerationdue to gravity

A picket fenceconsistsof a plasticpiecewith a regular seriesof stripes.Whenthe picket fence
passesthroughthe photogate,the time that a stripeblocks the gatewill allow the computerthe
estimatethevelocityof thepicket fence.

In thisexperiment,youwill dropapicketfencethroughaphotogateandexamineagraphof the
picket fencevelocityversustime. Youwill usetheresultsto obtainanestimateof theacceleration
dueto gravity.

Therearetwo typesof set-ups.The procedurefor usingthe DOS/Verniersetupsis given in
AppendixA.3. For instructionson how to usethe Windows/ScienceWorkshopset up refer to
AppendixB.3. Performtheexperimentasoutlinedin thoseinstructionsandanswerthefollowing
questions.

1. You shouldhave a graphof picket fencevelocity versustime. Doesit look like the picket
fencegainsvelocityata constantrate?

2. What is theestimatefor “ � ,” theaccelerationdueto gravity, thatyou obtainwhenthecom-
puterperformsa regressionfit to your velocityversustimedata.

3. Is yourexperimentalresultfor � closeto theknown result,9.8m/s� ?
4. Repeatthis experimentandcomparetheresultfor � with whatyou obtainedpreviously.
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2.3 Displacementversustime for constantacceleration

In the following exerciseyou will usethe formula for the displacementof an object when its
accelerationis constantandtheinitial velocity is zero( ��� � � );

displacement� �
� � acceleration� � time� �	� (2.1)

which in symbolsreads

� � �
� � � � 
 (2.2)
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2.3.1
�

Estimating the height of tall objectswith Eq. (2.2)

Whenair resistanceis smallenoughto beneglected,gravity will forceanobjectto haveaconstant
accelerationof 9.8m/sec� . Wearegoingto usethis to estimatetheheightof objectsby timing how
long it takesaball to fall from thetopof anobjectto its base.

1. To get somefeel for the accuracy of this method,measurea heightof two metersusinga
meterstick. Drop a ball from this heightandmeasurehow long it takes for it to hit the
ground. Using this time in Eq. (2.2), what valuedo you get for the distancethe ball fell?
How doesthis compareto thecorrectanswerof 2 meters?

The next part is a little trickier, but usesthe sameidea. Now we aregoing to measurethe
heightof objectswhich aretoo high to reachthetop, but low enoughsowe cantossa ball to the
top (possibilitiesincludesstreetlamps,trees,andbuildings).

Whatyouwill donow is haveagroupmembertossaball sothatthemaximumheightit reaches
is closeto theheightof theobjectyou aremeasuring.Anothergroupmember(or two) will stand
backa bit andmeasurethe time it takesfor the ball to go from the top of its path(whereit has
stoppedgoingup or down for just an instantandis now at abouttheheightof theobject)until it
reachesthegroundagain.Usethis time in Eq. (2.2) to estimatetheheightof theobject.

1. Estimatethe heightof four objectsusingthis method. Be sureto list the objectandshow
yourwork for how youobtainedtheheight.

2. You shouldhave obtainedyour heightestimatesin meters.Convert thesemeasurementsto
feetusingtheconversion1 meter= 3.3feet.

2.3.2 Estimating acceleration

If anobjectstartsat restandhasa displacement� in a time
�
, thenit is alsopossibleto obtainthe

averageaccelerationof theobjectusingtheequation

� �!� �#" � � 
 (2.3)

You will usethis to estimatetheaccelerationof cartson a tilted air track.

In this experiment,onegroupmemberwill hold anair trackat anangleandat leastoneother
memberwill bein chargeof measuringthetime it takesthecartto go acertaindistance.

1. Measurethetime it takesthecartto travel afixeddistanceon theair trackfor threedifferent
air trackangles.Indicatewhich measurementscorrespondto thesmall,medium,andlarge
angles(you don’t needto try to measuretheseangles).
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2. UseEq. (2.3) to estimatetheaccelerationfor eachof theseangles.

3. Comparedto theaccelerationof afreelyfalling objectthatyouobtainedin Section2.2,is the
accelerationon aninclinedplanesmaller, larger, or aboutthesame?Why is this thecase?





Lab 3

Forcesin static equilibrium

3.1 Forcetable

3.1.1 Intr oduction

A forcetableconsistsof acirculardiskwith marksfor anglesfrom 0 to 360degrees.In thecenter
of the disk is a shortrod aroundwhich is placeda ring. Stringsareattachedto the ring andthe
stringsgo over pulleys which areattachedto the edgeof the table. A top view looks something
like this.

0

90

180

270

Force Table Set-up

19



20 LAB 3. FORCESIN STATIC EQUILIBRIUM

Placeonepulley at the 30 degreemark. Pull a string over this pulley andattacha 400gram
weight so that the masshangsover the force table. The ring in the centerwill be pulled in the
directionof this pulley becauseof theforceof thestring.

Placetwo otherpulleys at the 180 and270 degreemarks. Attach weight holdersto strings
going over thesepulleys. Now addweightsto the endsof stringsgoing over thesepulleys until
theforceson thering cancel.Continuallytry moving thering to thecenterto seewhentheforces
balance.

Assumingthat thefirst stringpulls on thering with a forcewhosesizeis proportionalto 400
grams,thenthe $ -componentof thatforce(thecomponentin the0 degreedirection)is equalto the
forcethatbalancedit – theweightattachedto thestringin the180degreedirection.Likewisethe% -componentof theforcefrom the400gramweight is balancedby forceof theweightsattached
to thestringin the270degreedirection.

Frictionalforcesin thepulleyswill causesomeinaccuracy in thefollowing analysis.However,
perfectlybalancingtheforceson thering wouldbeimpossiblewithout helpfrom this friction.

3.2 Analysis

3.2.1 30degrees

1. Usethe parallelogramrule to resolve graphicallythe force of the 400 gramweightsat 30
degreesinto components.A goodplaceto startis to representtheweightof 400gramsby
a 4 cm line at thirty degrees(a protractoris providedto helpyou make this picture). Show
yourdiagramandmeasurementson your lab report.

2. How doesyour estimateof thecomponentscomparewith thevaluesyou got from theforce
table?

3. Now obtainthe $ and % componentsfor theforcefrom the400gramweightusingtrigonom-
etry. How doesthis compareto yourgraphicalandexperimentalresults?

4. Now wewill try to getsomesenseof theexperimentalaccuracy for theforcetable.Youwill
find thataddingsmallamountsof weightto the180and270degreehangerswill not change
thebalanceof thering. Usingsmallerweightsfind whatrangeof weightswill work on the
180( $ -components)and270( % -component)hangers.

Your resultswill have thefollowing form:
m& = [250 g, 290g]
m' = [270g, 310g]

Insteadof writing this asa range,take the midpoint asyour bestvalueandexpressyour
resultslike



3.3. TENSILESTRENGTH 21

m& = 270g ( 20g
m' = 290g ( 20 g

wherethe20g indicateshow far oneithersideof themidpointbalancecanbeachieved.

5. Do theresultsyou obtainusingtrigonometryfall in theseranges?

3.2.2 45degrees

Repeatthe force table measurementsfor the 400 gram masshangingfrom a 45 degreeangle.
Comparethis measurementof componentsto whatyougetusingtheparallelogramruleandusing
trigonometricformulas.Onceagainfind therangeof $ and % componentswhich give balanceon
theforcetable.

3.2.3 80degrees

Repeatall of theabovefor the400grammasshangingfrom an80degreeangle.

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, you will probablyseedifferencesin thetensilestrengthfor differentstrands.Repeateachof
thefollowing measurementsthreetimesto seewhetheror not thesevariationsarelargeenoughto
beobservedeasily.

1. Measurethe tensilestrengthof a singlestrandof thread.To do this, tie a weighthangerto
theendof a strandof thread.Slowly addweightto thehanger. Precisionof about50 grams
is sufficient for this experiment,so you don’t needto useweightsany smaller50 grams.
Find themassthatcausesthethreadto break.Thetensilestrengthof thethreadis theforce
of the mass(in Newtons) that causedthe threadto break. List the forcesfor your three
measurements(rememberto includetheweightof thehanger).

2. Make a loop out of thread. Hangthe weight hangerfrom the loop andthencarefully add
weightsuntil the threadbreaks. Did this arrangementsupportmoreor lessweight thana
singlethread?Why is this thecase?

3. Estimatehow many strandsof threadareneededto suspendamassof 100kgs.
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3.4 Buoyant force

In thissection,youwill testArchimedes’modelfor theBuoyantforce: theupwardforceof afluid
on animmersedobjectis equalto theweightof thefluid displacedby theobject.

3.4.1 Volumes

You will testthis modelfor two objects,bothof which mustbesufficiently denseto sink in water.
For eachobject,do thefollowing.

1. Determinethe volume of the object. To do this, drop the object into a beaker of water.
Observehow muchthetotal volumechanges.Thevolumechangeis equalto thevolumeof
theobject.

2. For eachobject,determinetheweightof anequivalentvolumeof water. To dothis,notethat
theweightof water(nearEarth’ssurface)is givenby

�
waterweight�)� � volume� �*
+����,.- Newtons

milliliter of water
(3.1)



Lab 4

Newton’s 2nd law

4.1 Atwood’sMachine

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

/10 / � /10 / �
The analysisof this machine,basedon Newton’s 2nd law, is the samewhetheroneor two

pulley wheelsareused.The2ndlaw equationsfor theverticalmotionsof /10 and / � are

/10 � ' 0 � 243 /105� (4.1)/ � � ' � � 243 / � � 
 (4.2)

Algebracanbeusedto eliminatetheforceof thestring, 2 , from theseequations.This yields

/10 � ' 076 /105� � / � � ' � 6 / � � 
 (4.3)

Equation(4.3)canbesimplifiedfurtherby recognizingthat � ' � �83 � ' 0 ; theaccelerationof the
two massesmusthave thesamemagnitude,but arein oppositedirections.Using this in Eq. 4.3,

23
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wecanmakeapredictionfor theaccelerationof themassesonAtwood’smachine:

� ' 0 �
/ � 3 /10/ � 6 /10

� 
 (4.4)

where� is theaccelerationdueto gravity, 9.8m/sec� .

1. Startwith /10 � / � � �	��� grams. Theseshouldbalanceandno accelerationshouldoccur
( � ' 0 � � ).
Make sureyour stringsare long enoughso that whenoneweight hits the table, the other
weightis still a few inchesbelow thepulley wheel.

2. Prepareyourcomputerto observeandrecordthemotionof thepulley wheels.For theDOS-
basedsystems,referto AppendixA.4. For thewindowsbasedsystem,referto AppendixB.4

3. Attach 10 extra gramsto one sideof the Atwood’s machine. Now you shouldhave 100
gramsonesideand110gramson theother. Sincetheweightsno longerbalance,oncethey
arereleasedmotionwill occurwhichyou shouldrecordonyour computers.

Warning! Weightsmayfly aroundabit afterthey smackthetable!

4. Eliminatedatawhichcorrespondsto thetimebeforetheweightswerereleasedandthetime
aftertheheavy setof weightsstrikesthetable.

5. Plot thevelocityversustime for themotion.Sinceaccelerationshouldbeconstant,thisdata
shouldapproximatelylie on a straightline. Performa straightline fit to thedata.Theslope
of this line (which is evaluatedby thecomputer)is your resultfor theacceleration.List your
resulthere.

6. Comparetheresultyouobtainfor theaccelerationto thepredictionmadeby Eq.(4.4).What
is thepercentagedifferencebetweenthetwo values?

7. Repeatthisexperimenttwoadditionaltimesusingthefollowingpairsof masses:(100grams,
120grams)and(100grams,130grams).In eachcase,comparethevalueof theacceleration
youobtainfrom theexperimentto thepredictionmadeby Eq. (4.4).

4.2 Newton’s2nd Law on the air track

Thisdiagramrepresentsa“cart” onanearlyfrictionlessair track.Reductionof friction is achieved
by forcingair throughholeson theair trackwhich in turn lifts thecartslightly from thesurface.
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Air Track

Table

9 :; <SmartPulley

Cart

SuspendedMass

A stringattachedto thecartgoesover a pulley. At theendof this string is a suspendedmass.
With the cart held in place,the string is taught. Whenthe cart is releasedthe massfalls to the
groundandtheair cart is yankedtowardsthepulley. A photogate(not shown) is usedto monitor
thespinningof thepulley spokes.

4.2.1 Theory

Newton’ssecondlaw givestheaccelerationof thesuspendedmassas

/>=@?A=CB � =@?A=CB �EDGF	HJI=@?A=CB 
 (4.5)

Only two forcesacton thesuspendedmass:theforceof gravity (which pointsdown) andthe
string(whichpulls up). Were-writeEq. (4.5)as

/>=K?A=LB � =@?M=LB � />=K?A=CBN� 3O2 =@?M=LB (4.6)

where2 =K?A=CB is theforceof thestringonthesuspendedmassandg is theaccelerationdueto gravity,� � ,*
�- m/s� (we call thedown directionpositive in this case).

Assumingthe air track is level (checkthis beforeproceeding!),the only horizontalforce of
substantialsizeactingon thecart is theforceof thestring. So for thecart,Newton’s secondlaw
gives /QP@R5S I � P@R5S I �T2 P@R5S I 
 (4.7)

Two observationsmake it possibleto solve theseequationsandpredicttheaccelerationof the
suspendedmassandcart. First, aslong asthestringdoesn’t stretch,thecartandmassmove the
samedistancein any given time interval. So � P@R5S I � � =K?A=LB . The secondobservation is not so
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obvious, but if the friction in the pulley, the massof the string, andthe rotationalinertia of the
pulley areall small,thenthestringpulls on themassandcartwith thesameforce: 2 P@RUS I �V2XW RY=J= .

Newton’ssecondlaw simplifiesto

cart: /QP@R5S I � � 2 (4.8)

susp: />=@?A=CB � � />=K?A=LBZ� 3�2 (4.9)

Thisgivesanaccelerationof

� �
/>=@?A=CB/>=K?A=LB 6 /QP@RUS I

� 
 (4.10)

4.2.2 Experiment

1. Using about5 gramsfor the suspendedmass,analyzethe motion of the cart after it is re-
leased.Youwill usethepulley wheelto monitorthismotion,asis describedin AppendixA.4
andAppendixB.4.

2. After you releasethecart thesuspendedmass.cartandpulley wheelbegin to move. After
thecartreachestheendof theair trackstopdatastopthedatarecording.

3. Plot themotionandobtaintheregressionfit for theacceleration.Rememberto eliminateall
datawhichoccursafterthemotionof thecarthasbeenobstructed.

4. Obtaintheaccelerationfor suspendedmassesof 5, 10, and15 grams.List theacceleration
obtainedalongwith eachmass.

5. Compareyour accelerationresultsto the theoreticalpredictionsmadeby Eq. (4.10). Give
thepercentagedifferencefor eachcase.
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Friction

5.1 Coefficientof Friction I

For this experimentyouwill measurethecoefficientof friction betweenawoodblockandawood
surface.Youwill beprovidedlargewoodenblocksandfriction tables(whosepitchcanbeadjusted)
to which pulleysareattached.

You will slide a block acrossthe surfaceseveral timesunderdifferentconditions. However,
You needto ensureyou areusingthesamecontactsurface,i.e. theblock is alwaysplacedat the
samepositionon the surface. Also, to be consistent,Make surethat the samesideof the wood
block is alwaysin contactwith thesurface.Thesestepsarenecessaryto ensurethata consistent
contactsurfaceis usedfor all thetrials.

1. Obtainthemassof theblock usingthelargebalanceby theair tracks.

2. Make the friction tablehorizontal( � � ). Placethe block on the surfaceandpull the string
attachedto theblock over thepulley. Attacha weighthangerto theotherendof thestring
andstartaddingweightsuntil thehangingmassforcestheblock to move. Theweight that
forcestheblock to move is approximatelyequalto themaximumstaticfriction betweenthe
blockandthefriction table.

3. Themaximumstaticfriction is approximatelygivenby

D max
static �E[ staticD normal (5.1)

where D normal is thenormalforcebetweenblock andtable. Whenthe tableis horizontal,D normalis thesameastheblock’sweight.Having determinedtheblock’s massandhaving
obtainedD max

static, you shouldbeableto estimate[ static.

27
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4. Repeatthisexperimentfor thecasewhenthenormalforceis approximatelydoubled(achieved
by placingextra masson topof theblock). ThisshouldincreaseD max

staticaswell. After mak-
ing your measurements,obtain [ staticwith this new setof normalandmaximumfrictional
forces.Is [ staticaboutthesameasyourpreviousestimate?Doestheassumptionthat [ static
is constantappearjustifiedin this case?

5. Thecritical angle, \ P , for whenanobjectwill slidedown a non-horizontalsurfaceis given
by \ P �^]`_.acb 0 [ static


 (5.2)

Useyourresultfor [ staticto predictwhat \ P will be.Comparethis to \ P obtainedby varying
theangleof thefriction table.

5.2 Coefficientof Friction, II

Obtainthecoefficientof staticfriction, [ = , betweenawoodblock anda desk.

1. Attacha pulley wheelto theedgeof thelab desk.

2. Runa stringfrom thewoodblock andover thepulley wheel.Attacha weighthangerto the
otheredgeof thestring.

3. Findthestringtension(equalto theweightof thehangingmass)requiredto budgetheblock.
This is called D max

static.

4. Determinethecoefficientof friction,

[ = � D max
staticD normal

(5.3)

5. Repeatthis experimentwhile placing the block at four differentstartingpositionson the
table(thepositionsmustbechosensothatthestringstill goesstraightover thepulley).

6. Your resultscanbesummarizedby a tablethatlookslike thefollowing:

position DdW R & [ =
A
B
C
D

7. Repeatthis experimentafter placing500 gramsof masson the wood block (rememberto
keepthesamesideof theblock in contactwith thetable). Rememberthat this changesthe
normalforcebetweentheblockandthetable.Makea tablejust asabove.

8. Doesthe rangeof [ = valuesdependstrongly on the normal force betweenthe block and
table?Whatabout DdW R & ?
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Work and Energy Conservation

6.1 Pendulum

A pendulumconsistsof a massive “bob” connectedby a stringto a support.Whenthependulum
swings,energy is constantlychangingfrom potentialenergy (which is highestwhenthebob is at
its highestpoint) to kineticenergy (which is highestwhenthebobpassesthroughthelowestpoint
of its motion).

In this experimentyou will try to verify that thechangein potentialenergy in goingfrom the
highestto lowestpointgoesinto changingthekineticenergy by (nearly)thesameamount.

1. Make a pendulumby connectinga massto a string that hangsfrom a support. Make sure
thatit is ableto swingfreelyandthattheamplitudeof oscillationisn’t damped-outquickly.

2. Set-upthePascomotiondetectorsothatit is ableto recordthevelocityof thebobasit passes
throughits lowestpoint. For this to work, thebobmustbegoingdirectly towardthedetector
asit passesthroughthelowestpoint.

3. Usinga meterstick,have thebobstartat threedifferentheights.For eachheight,recordthe
bob’sspeedasit passesthroughtheminimum.

Sharpspikeswill occasionallyappearin the velocity curveswhenthe pendulumbob goes
out of the “view” of the motion detector. Make sureyou only usethe smoothpart of the
velocitycurvewhenobtainingyourmeasurements.

4. Make a tableshowing thechangein potentialenergy versusincreasein kinetic energy that
lookslike thefollowing: (this is just a sample,don’t expectyour resultsto look exactly like
this)
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h (top) PE(top)= m g h v (top) KE(top) � � " � m v � PE+ KE
h (bottom) PE(bottom)= m g h v (bottom) KE(bottom) � � " � m v � 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 energy aboutthe sameat the high and low
pointsof its motion?

6.2 Inclined Plane

An (small)air trackwill beusedto minimizefriction. You will notneedto hookup acomputerto
completethis exercise.

Whentheair trackis at anangle,a cartwill slidebackwardsbecauseof gravity. As thecart is
tilted further, theforceof gravity is moreandmoreeffective in pulling on thecart.

1. With asmart-pulley attachedto thehighendof aninclinedair track,run astringfrom anair
cartto aweightholderthathangsfrom theothersideof thepulley.

2. Add or removeweightsto theholderuntil theforcesareasbalancedaswell asis practically
possible.(mass)(gravity) for thesuspendedweight is theminimumforceneededto pull the
cartup theincline.

3. Measurehow muchtheheightof thecartchangeswhenyou pull theweightdown 30 cm (it
shouldbeeasyto movetheweightsincetheforcesarenearlybalanced).

Thework doneby theweighton thecart is approximately

work done � � mass� � gravity � � �*
�e m� 
 (6.1)

Thechangein potentialenergy of thecart is

f
PE � � masscart� � gravity � � changein heightof cart� 
 (6.2)

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

4. Repeatthis experimentusingasteeperanglefor theair track.



6.3. PULLEY 31

6.3 Pulley

Justlike theinclinedplane,thepulley enablesyou to lift aheavy weightwith asmallerforce.The
trade-off is that you mustapply the force for a large distanceto changethe heightof the heavy
objectby asmallamount.

1. To stringup 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
throughthepulley wheels,look at thecartoondiagramof page108in Conceptual Physics.

2. With a500grammasshangingfrom thebottompulley, seehow muchforcemustbeapplied
to thesupportstringto balancetheweightof the500grammassandthepulley wheelthatit
hangsfrom.

Oneway to do this is to placea weight hangeron the supportstring andaddandsubtract
weightsuntil theforcesarebalanced.Thebalancingforceis equalto (mass)(gravity) where
massis themassof theweightson thesupportstring.

3. Measurehow muchthe500gramweightgoesup whenyou pull thesupportstring20 cm.
Sincetheforcesarenearlybalanced,you shouldnotneedto providemuchforceto raisethe
weight.

Thework doneby thebalancingforceis equalto (mass)(gravity)(0.20meters).Thechange
in potentialenergy of the500gramweightplusthepulley wheelit hangsfrom is

� �*
g
���� kg 6
masspulley wheel� � gravity � � changein height� .
How do thesenumberscompare?

6.4 Potential Energy of a Spring

Thework doneonanobjectis equalto (Force)(distance)whentheforceis constant.With aspring,
it takesmoreandmoreforce to stretchit furtherandfurther. To get thespring’s potentialenergy
we needto to breakthestretchingprocessinto piecesandusetheusualformula for work over a
smalldistancewhere(hopefully)theforcedoesnot changetoomuch.

1. Youwill stretchthespringin 8 stepswith eachstepequalto 5 cm.

2. Useanelectronicforcemeterto verify that the force necessaryto hold the springin place
increasesasthestringis stretched.

3. As you stretchyour spring,try to eliminatefrictional forcesthatmight helphold thespring
in placeandruin your forcemeasurements.
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4. Make a table of force versusstretchingof the spring. It should look somethinglike the
following. Theextra columnswill beexplainedbelow.

stretch force averageforce work from last total
betweenpoints point to here work

0 0 N 0 0
0.55N

0.05m 1.1N 0.0275J 0.0275J
1.65N

0.1m 2.2N .0825J 0.11J
2.8N

0.15m 3.4N 0.14J 0.25J

Thenumbersin bold facearetheonesyou actuallymeasuretherestyou will figureout on
yourcalculator.

5. Sincetheforcebetweenpointsis changingmakeacolumnwith theaverageforcewhich we
assumeto beone-halfof thesumof thebeginningandendingforces.

6. Computethework donebetweenpoints. This is equalto theaverageforcebetweenpoints
timesthedistancebetweenpoints(0.05m in this example).

7. Make anothercolumnwhich addsup all the work donein stretchingthe springup to that
point. Thisnumberis equalto thepotentialenergy of thespringwhenit is stretchedthis far.

8. Makeasimpleplot of thepotentialenergy of thestringversushow far it hasbeenstretched.
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Conservation of momentum

7.1 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresentsacartonanair track.Theforceof friction betweenthecartand
track is reducedby forcing air throughholeson the air track which in turn lifts the cart slightly
from thesurface.

Ontopof theair cartis anopaque“flag.” Whenthecartmovesontheair trackit passesundera
Pascophotogateassembly. Pascosoftwareonacomputerevaluatesthetime interval duringwhich
theflagclosesthegate(preventinglight from passingfrom onesideof thegateto theother).

This time interval alongwith theflagsizeis usedto obtainthevelocityof thecart.

Air Track

Table

Cart

Flag

� �photogate

33
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7.2 Velocity Measurement

Author’ s note: The following instructions are for the DOS/Vernier 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 computercart closeto an air track. Placetwo photogatesalong
theair trackandplug theminto the input adaptercomingfrom thecomputer. Turn thepower on
for thecomputerandmonitor. Whena menuappearson thecomputer, choosethe<precision
timer> menuitem. After you entertheprecisiontimer program,choosemenuitem<C> for the
CollisionTimer.

Onceyou enterCollision Timer modeandpress<enter> again,thenboth photogatesare
readyto take data.Pushanair cartsothat it passesthroughbothphotogates.Hit <enter> once
you arefinishedtakingdata.Eachphotogateshouldshow onedatapoint. A datapoint describes
thedurationof time (in seconds)thatthephotogatewasblockedby theflag on topof thecart.

Onceyou have ensuredthat the photogatesareoperational,try to make the track aslevel as
possibleto eliminateaccelerationdueto gravity in thefollowing measurements.To seeif thetrack
is uneven,placeacartin thecenterof thetrack. If thecartdrifts, thetrackis unevenandshouldbe
adjusted.

1. To obtainthecartvelocity, you will needto measurethewidth of theflag on top of theair
cart.Usea ruler to obtainthewidth of theflag to thenearestmm (0.1cm).

2. Preparethe computerfor taking dataandthenpushthecart throughthe photogates.Once
thecart is throughbothgateshit <enter> sothatthecomputerstopstakingdata.You are
now readyto obtainvelocity values.

3. The computershould show the amountof time that photogate1 and photogate2 were
blocked. Useboth of thesemeasurementsto obtain the velocity as the cart moved down
thetrack.

velocity throughphotogate� flag size
photogatetime


 (7.1)

4. If thetrackis exactlylevelandfriction is completelyeliminated,thenthecartvelocityshould
bethesamethroughbothphotogates.Whatis thedifferencebetweenyour photogateveloc-
ities?

5. Repeatthis experimentwith thecartmoving in theoppositedirectionon the track. To dis-
tinguishthevelocity in this casefrom motion in theotherdirection,list the velocity values
for this case as negative. Compareinitial andfinal photogatevelocitiesasyoudid before.
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7.3 Collision Experiment Set-up

Thefollowing diagramrepresentstwo cartsonanair track.On topof eachair cartis aflag. When
thecartsmove on theair track they passundera Pascophotogateassembly. ThePascosoftware
evaluatesthe time intervalsduringwhich theflagsclosethegates(preventinglight from passing
from onesideof thegateto theother).

Next, thecartscollide betweenthephotogates.Eitherbothcartswill recoil backthroughtheir
initial photogatesor bothwill continuein thesamedirectionandpassthroughthesamephotogate.
In eithercase,youwill beableto getthetimereadingsnecessaryfor determiningthefinal velocity
for eachcart.

Air Track

Table

Cart Cart

Flag Flag

� �photogate � �photogate

7.4 Elastic Collision

Make surethereis a flexible springon the colliding sideof eachcart so that they easilybounce
from eachother. Also, ensure that your air track is as level as possible. To do this,placea single
cart at the middle of the air track. If it moves,thenthe track isn’t level andshouldbe adjusted.
Most of theerrorin this experimentwill bedueto having anuneventrack.

1. Obtainthemassof eachcart.

2. After puttingthetwo photogatesin collisionmode,sendthecartsthroughthephotogatesso
they collide in thecenterandrecoil backthroughthephotogate.

List thetime interval for eachflag to passthroughits first photogate.Obtainthevelocity of
eachcartby usingEq.(7.1).Makesurethevelocity is listedasnegativeif thecartis moving
to theleft.

3. List thetotalmomentumof thecartsbeforethecollisionusing

totalmomentum� � mass0 � � velocity0 � 6 � mass� � � velocity� � 
 (7.2)
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4. List the time interval for eachflag to passthroughits photogateafter the collision. Once
again,useEq.(7.1) to obtainthevelocityof eachcart.

5. Determinethetotalmomentumfor thetwo cartsafterthecollision. Show how youobtained
your result. Is it closeto the total momentumbeforethe collision? Rememberthat this
analysisrequiresyou to distinguishbetweenpositiveandnegativevelocities.

6. Determinethemomentumchangefor eachcart.How do thesecompare?

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

7.5 Inelastic Collision

Putputty betweenthetwo cartssothat they stick togetherwhenthey collide. As before,have the
cartscollidebetweenthetwo photogates.

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

2. Determinethetotalmomentumof thecartsbeforethecollision.

3. List the time interval for a flag to passthrougha photogateafter the collision. (Sincethe
cartsaremoving together, you only needto obtainthevelocity for onecart.) UseEq. (7.1)
to obtainthevelocityof thecarts.

4. Determinethetotalmomentumfor thetwo cartsafterthecollision. Show how youobtained
yournumber. Is it closeto thetotalmomentumbeforethecollision?

5. Determinethemomentumchangefor eachcart.How do thesecompare?

6. Comparethe total kinetic energy beforethe collision to the total kinetic energy after the
collision.
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Moment of Inertia and Torque

8.1 Moment of Inertia Apparatus

9 :; <SmartPulley

SuspendedMass

The momentof inertia apparatusconsistsof a rotatingsupportapparatusmountedon an ad-
justablebase.Onacylinderconnectingthesupportto thebaseis apeg for attachingastring.After
attachinga string to thepeg, thestring is wrappedaroundthecylinder several timesandthenthe
stringgoesfrom thecylinderandover thetopof thepulley. Weightsareattachedon theotherside
of thepulley.

Theweightwill createtensionin thestring.Thisin turnappliesatorqueto therotatingsupport.
Therotatingsupportspinsastheweightdrops.

Variousobjectscan be placedon the supportwhich resultsin an increasein the rotational
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inertia.
h

8.1.1 Theory

Applied to thehangingmass,Newton’s2ndlaw gives

/Qi � � /Qi	� 3�2 (8.1)

where2 is theforceof thestringonthesuspendedmassandg is theaccelerationdueto gravity
(wecall thedown directionpositive in this case).For therotatingsupportwehavejlk � m F	HKI (8.2)� 21no3�mAp (8.3)

where n is theradiusof thecylinder aroundwhich thestring is wrapped.We alsoincludea mAp to
modelfriction opposingthetorquethestringappliesto thesupport.

We canusethe relation
k nq� � (thestringunwrapsat thesamerateastheweight falls) and

eliminate2 from this coupledpair of equations.We get

mApr� /Qi � � 3 � �5n 3 j � " n 
 (8.4)

To getanapproximatevaluefor mAp appropriatefor whentheobjectis rotating,find themass,/Q� ,
whichjustbarelymakesthesupportspin.Since� is aboutzeroin Eq.(8.4),wegettheapproximate
value mAp1� /Q�s� n .

Onceavaluefor mMp is estimated,
j

canbeobtained.To do this, increasethehangingmassand
measuretheresultingacceleration,� , usingthePascophotogatetimersandthespecialpulleys.

j
is thengivenby j � /Qi � � 3 � �Un �� 3 /Q�Y� n ��


 (8.5)

.

8.1.2 Moment of Inertia of the Supporting Apparatus

Beforeaddingdisksandrings,weneedto obtainthemomentof inertiafor thebaresupport.

1. UsingaVernierCalliper, measuretheradiusn of thecylinderonwhichthestringis wrapped.

2. Find /Q� , themassneededto startthesupportrotating.
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3. Usinga largerhangingmass,/Qi , determinetheresultingacceleration,� .
Thebestway to obtain � is by usinga smartpulley attachmentto ScienceWorkshop.Make
a graphof velocity versustime. UseScienceWorkshopto obtaintheslopeof the velocity
versustimecurve for when the hanging mass is accelerating downward. Thisslopeprovides
the � valuethatis usedin Eq. (8.5).

4. Repeatthe accelerationmeasurementusing a larger hangingmass, /Qi . Both � and /Qi
shouldthenbelarger, Find

j =K?UB5Bt�uS I againusingEq.(8.5).How closeareyour two resultsforj =K?UB5Bv�JS I ?

8.1.3 Moment of inertia of a ring

1. Placethesolid ring in thesupport.

2. Find thenew (andlarger) /Q� neededto make theapparatusspin.

3. After increasingthehangingmassappreciably, measure� .
4. Obtainthetotalmomentof inertia,

j I � I RUw , usingEq.(8.5).To getthemomentof inertiaof the
ring, you needto subtractthemomentof inertiafor thesupport:

j Sux FMy � j I � I Rzw 3 j =K?UB5Bt�uS I .
5. Comparethevalueyou obtainto the theoreticalvalue:

j S{x FMy � /
ring

�J| � 0 6 | �� � " � , where| 0 and
| � aretheinnerandouterradii of thering.

8.1.4 Moment of Inertia for a Disk

1. Repeatthepreviousstepsto find
jA} x~=J� .

2. Comparethis to thetheoreticalvalue,
jM} x�=K� � / disk

| � " � where
|

is thedisk’s radius.

8.2 The Moment Apparatus for the ForceTable

The force tablecanbe modifiedto examinethe balanceof torqueaswell as force. First a flat,
greaseddisk is placedover the centeringpin on the force table. Next, threeball bearingsare
placedon thediskat evenlyspacedlocationson thegreasedsideof thedisk.

A seconddisk with holesfor insertingpinsis placedover thecenteringpin andontothebear-
ings. At this point you shouldmake sureyour force table is level. The top disk shouldstay in
positionafter it is centeredover the force table. Leveling screws arefoundon thebottomof the
stand.
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Attach stringsto pins at the locationsshown below. Run thesestringsover pulleys attached
to theedgeof the force table. Although thepin locationsareat 120

�
angleswith respectto each

other, all stringsshouldbeparallel(straightupanddown in thefigure).
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8.2.1 Balanceof Torques

Onceyourset-uplookslike thediagram(andthepulleysaremounted),begin attachingweightsto
thepulley strings.Youwill wantto usetheweighthangerssoyoucanaddandremoveweightsfor/ � and / e . Thetop weight is fixedat 200grams.Begin by usingabout100gramseachfor / �
and / e .

1. Add or remove weightsfor / � and / e until the thetop disk no longerrotatesandremains
centeredoverthecenteringpin. Whenthisbalanceis reached,makesurethatthepulleysare
positionedsothatthey don’t addfriction to thestring.Havemelook at theset-upwhenyou
think youhavebalancedtheforcesandtorques.

Whatarethevaluesof / � and / e whenbalanceis achieved?

2. Do theweightson thepulley stringsaddto givea netforceof zeroon thedisk?Remember
thatforceis avectorandthedirectionsof thestringsareimportant.

3. Doesthesumof thetorquesfrom all threeweightsaddto zero?Recallthatthetorquefrom
eachforceis equalto (force)(momentarm).
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Harmonic Motion

9.1 Evaluation of the forceconstant,k

Usethefollowing procedureto measuretheforceconstantfor two dissimilarsprings.

1. Suspendaspringfrom ahangerandmeasureits length,
� � , in theabsenceof adanglingmass.

2. As you adda massto the spring, the mass’s force, D¥¤o¦ = �¨§ � , stretchesthe springto a
length

� HJ© � §!� that increasesas § increases.Generatea tablethat lookssomethinglike the
following:

§ (kg) § � (Newtons)
� Hu© � §ª� (meters)

� HJ© � §ª�«3 � � (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 a reasonableamountof stretching,springsobey theequation

D¬�E­ � � Hu© 3 � � � (9.1)

where D is the force stretchingthe spring. Thus,a plot of D versus
� HJ© 3 � � shouldbe a

straightline with theslopeequalto ­ . In thefollowing, youwill produceacomputerplot of
yourdataandusethis to obtainanestimateof ­ for thespring.

(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“sakharov.” weyl is readyfor immediatelogins. However, you first have
to doubleclick on “sakharov” from theXDMCP menuon abelandgalileo.

You canlog in underoneof theaccountssetupfor Physics211: phy211a,phy211b,or
phy211c.Your groupwill beassignedanaccountandpassword for this lab session.

(b) Onceyou have loggedon, left-click on the penguinon the top of the screen. This
producesamenu.On this menu,click “applications”andunderthesub-menuclick on
“kedit.”

(c) Simply typein your
� Hu© 3 � � , D , datain columnformat:

0.0 0.0
0.02 0.98

. .

(d) Onceyou arefinishedtyping your data,go to the“file” menuin thekedit window and
thenclick on “save.” Theprogramwill askyou to namethefile. After you namethe
file, theeditorprogramwill exit.

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

(f) This will bring up a plotting program. Underthe “file” menuon this program,click
on “readsets.” A window is createdwhichallowsyou to scroll throughyour account’s
list of files. Oneof thesefiles shouldbethedatafile you just created.Doubleclick on
this to bringthedatainto theprogram,thenremovethiswindow usingthebuttonin the
upperleft cornerof thewindow.

(g) Hit the “AS” button to scalethe plot. You shouldseea line representingyour dataif
everythingworkedright.

(h) Next you will obtaina regressionfit to your data. Under the “data” menuon xmgr,
select“transformations.” Underthenew sub-menuselect“regression.” After you have
told thecomputeron whichdatasetto performaregressionfit, afit will beperformed.

(i) A new window appears.Thevalueof theslopefor thefit appearsin thiswindow. Write
down thevalueof this slopeasthis is your resultfor ­ .

(j) If thisall worked,congratulations!Hit, theprint buttonandaplot shouldappearonthe
printerin theMathcomputerroom.

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

9.2 Oscillation fr equency

1. Suspenda massof averagesize from oneof your springsandset the massin oscillation.
Measuretheamountof time it takesthemassto makeaboutfive full oscillations.Fromthis
estimatetheperiod, 2 , andfrequency, ® , for this mass-springcombination.



9.2. OSCILLATION FREQUENCY 43

2. Compareyour experimentalresultto thetheoreticalresult:

®¯� �
�±°
² ­/ 
 (9.2)

3. Repeatthis measurementandcomparisonwith yourotherspring.





Lab 10

Standingwavesand resonance

10.1 Intr oduction

Tuning forks generatesoundwaveswith a dominantfrequency, ® . We have threetuning forks,
eachlabeledby its dominantfrequency in unitsof Hertz(oscillations/sec).Like all linearwaves,
soundwavessatisfythewaveequation: ®´³q� � 
 (10.1)

So, if you measurethewave length, ³ , for thesoundwavescomingfrom a tuning fork, thenyou
canusethis alongwith the known valueof ® in Eq. (10.1) to obtain the soundvelocity, � . In
principle, the � valuefor eachtuning fork shouldbe the same;soundvelocity is independentof
frequency. To within experimentalaccuracy, wewill verify thatthis is thecase.

We will usea propertycall resonanceto determine³ for eachtuningfork. Resonancewill be
describedin moredetailduring lecturelater this week,but we will provide a brief explanationof
how it workshere.

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

Now for a setof specialcolumnlengths,µ �ª³ "±¶ 6¸· � e ³ "�¶ 6¹· � 
 ³ "�¶ 6¸· �»º¼º¼º½� (10.2)

thereflectedsoundwavesareexactly in phasewith thesoundwavescomingdown into thecolumn.
Here, · is anendcorrectionfactor, a constantthatdependson thegeometryof theopenend(top)
endof thetube.Sincetheamplitudesof soundwavesadd,thenetsoundwaveamplitudein thetube
is enhancedin thiscase.Thisis calledresonanceandmanifestsitself in asubstantialincreasein the
vibrationalamplitudeof theair in thetubewhichcanbedistinctlyheard,evenwhenthefork itself
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is
h

tooquietto beheard.When
µ

isn’t oneof thesespecialvalues,thenthephasesbetweenreflected
andincidentwavesareessentiallyrandomleadingto cancellationof thesoundwave amplitudein
thetube.

Thus,finding thecolumnlengthswhereresonanceis observedcanbeusedto determine³ and,
thus,thesoundvelocity, � .

10.2 Determination of resonance

A plastictubewith level markingsis connectedto a waterreservoir thatcanbeusedto adjustthe
waterlevel in thetube.Thedistancebetweenthetop of thecolumnandthewaterlevel is equalto
(to agoodapproximation)

µ
, theair columnlength.

A tuning fork is held over the openendof the tube. When this is set into vibrations,
µ

is
adjustedby slowly varyingtheheightof thewaterreservoir.

1. Startwith thesmallest
µ

valuepossible(wateris high in thetube). After thetuningfork is
setin vibration,adjust

µ
until resonanceof theair columnoccurs.

2. For eachof thethreetuningforks,find all the
µ

valuesthatproduceresonance.(Thereshould
beaboutoneto threeresonant

µ
valuesfor thethreeforks you will use.)You mayneedto

add/remove waterfrom thereservoir to vary thewaterlevel in thetubefrom top to bottom.
Mark resonancepositionswith rubberbandsthathavebeenplacedon thetube.

3. Thedistancebetweenresonancewaterlevelsis ³ " � for a particulartuningfork. Usethis to
determinethe ³ . If therearethreeor moreresonantwaterlevels,usetheaverageseparation
betweenresonantlevels to obtainyour bestestimateof ³ " � . However, for lower frequency
tuningforks,youmayfind only two resonantlevels.

4. Obtainthesoundvelocity, � thatyou obtainusingthe ® and ³ valuesfor eachfork.

5. You shouldhave threeestimatesfor � , onefrom eachfork. Give thepercentagedifference
betweenthesmallestandlargestvaluesof � thatyou haveobtained.



Appendix A

Precisiontiming: DOS/Vernier

A.1 Photogatesand the Air Track Apparatus

Thefollowing diagramrepresentsa carton anair track. On top of theair cart is anopaque“flag.”
Whenthecartmoveson theair track it passesundera Pascophotogateassembly. Pascosoftware
on a computerevaluatesthe time interval during which the flag closesthe gate(preventinglight
from passingfrom onesideof thegateto theother).

Thisall thephotogatesdo, themeasurethetime thatlight is blocked.However, usingthis time
interval alongwith measurementof thesizeof theflagprovidesameansfor obtainingthevelocity
of thecart.

Air Track

Table

Cart

Flag

� �photogate
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A.2 Velocity Measurement

Placetwo photogatesalong the air track andplug theminto the input adaptercomingfrom the
computer. Turn thepower on for the computerandmonitor. Whena DOS menuappearson the
computer, choosethe<precision timer> menuitem. After you enterthe precisiontimer
program,choosemenuitem<C> for theCollision Timer.

Onceyou enterCollision Timer modeandpress<enter> again,thenboth photogatesare
readyto take data.Pushanair cartsothat it passesthroughbothphotogates.Hit <enter> once
you arefinishedtakingdata.Eachphotogateshouldshow onedatapoint. A datapoint describes
thedurationof time (in seconds)thatthephotogatewasblockedby theflag on topof thecart.

Onceyou have ensuredthat the photogatesareoperational,try to make the track aslevel as
possibleto eliminateaccelerationdueto gravity in thefollowing measurements.

� To obtainthecartvelocity, you will needto measurethewidth of theflag on top of theair
cart. Usea ruler to obtainthewidth of theflag to thenearestmm (0.1cm). List your value
in centimetershere.

� Preparethe computerfor taking dataandthenpushthecart throughthe photogates.Once
thecart is throughbothgateshit <enter> sothatthecomputerstopstakingdata.You are
now readyto obtainvelocity values.

speedthroughphotogate� flagsize
photogateblockingtime


 (A.1)

A.3 Picket fence

� Pluga photogateinto thegraycomputerplugwith ablackband.

� StarttheVernierprecisiontiming softwareby selecting<precision timer> from the
menuthatappearswhenthecomputerstartsup.

� Choose<M> to startthemotiontimer. Thecomputeris readyto recordandwill startrecord-
ing whenthephotogateis blocked.

� Drop thepicket fencethroughthephotogate.

� Hit <return> to stoprecording.

� Now youneedto analyzethedata.Startby entering<G> to getthegraphmenu.

� Chooseavelocityversustimegraphfrom thegraphmenu.
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� Select<C> to setthedevice to beapicket fence.

� 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,”
“regressionline,” and“statistics.” Whenyouarefinished,hit <return>.

� Choose“automaticscaling,variableorigin” for bothaxes.

� The graphwill appearwith the regressionfit. The slope(“M”) is the bestestimatefor the
accelerationof thepicket fence.

A.4 Pulley wheelmotion timing

� Startby settingtheprecisiontimersoftwareto usethemotiontimer.

� Themotiontimerstartstakingdataimmediately. This is okaysinceyouwill havetheoppor-
tunity to deletedatapointswhichhavenothingto dowith this experiment.

� After you releasethecart thesuspendedmassandcartwill move aswill thepulley wheel.
After thecartreachestheendof theair trackstopdatatakingby hitting<return> onyour
computer. Thereis no rushin hitting <return> at preciselythe right moment. You can
manuallydeletepointswhichoccuraftercollision. They will beeasyto find asyouprogress
throughthedataanalysisportionof theexperiment.

� Whenyou hit return,a list of timescorrespondingto successive turnsof thespokeswill be
listed.Scanningthroughthis list you shouldbeableto pick out onesthatshouldbedeleted.
Makea list of pointsto deletebeforepressing<enter>.

� You will be presentedwith several options. The threeyou aremost likely to useare<X>
(to starttiming all over again),<D> (to deletedatapointsbeforeanalyzingdata),and<G>
(to go aheadandgraphdata).Deletedatapointsasyou seenecessary. Thengo aheadto the
graphmenu.

� Therearegraphmenuitemsfor plotting thedistance,velocity, andaccelerationfor themo-
tion youhave justobserved.Startoff by lookingatvelocity. However, youmaywishto look
at theotheroptionslaterafteryouarecomfortablewith theprogram.

� To getvelocity you not only needtime, but alsodistance.Somehow theprogramneedsto
know how muchthingsmovedduringthetime intervalsit hasrecorded.If youareasfoolish
asyour instructor, you will assumethatyou areusinga pulley with tenspokes.Count’em;
thereare just eight. So hereyou needto usethe<D> for “other.” This will give you the
opportunityto put in thecorrectdistance:0.0175meters.

� Next you will beprovidedseveralgraphoptions.Of these,you will want to plot thepoints,
perform statistics,and do a regression(optionsare activated/deactivatedby pressingthe
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spacebar whenthe option is highlighted). The regressionwill do a straightline fit to the
velocity curve. The slopeof this curve is the experimentalvaluefor the acceleration,the
number that you want from all these steps.

� Whenyouexaminethevelocitygraph,youmayfind thatseveraldatapointsat theenddon’t
lie on thestraightline fit asthey correspondedto datatakenafter thecartcollidedwith the
end.If this is thecase,gobackto thedataanalysismenuanddeletethesepointsandthengo
backandreplotto getanimprovedfit for theslopeof thevelocity curve.



Appendix B

Precisiontiming: ScienceWorkshop

Theseareasummaryof instructionsfor usingtheScienceWorkshopcomputerinterfacefor making
a variety of measurements.The instructionsarenot completeandyou may needhelp from the
instructorthefirst few timesyouusethesystem.

B.1 Starting ScienceWorkshop

ScienceWorkshopis installedonly on Windows basedcomputers.Thefirst stepin usingScience
Workshopis to simplylocatetheScienceWorkshopiconontheWindowsprogramscreen.Double-
clicking on theicon startstheScienceWorkshopprogram.

B.2 Photogatetiming of air cart velocities

� Referto thediagramin AppendixA to seehow aphotogatetimer is placedon anair track.

� Plugthephotogatesinto thedigital channelreceptacleson thePasco700interface.

� Let the computerknow that you areplugginga photogatesinto the digital plug-inson the
Pasco700interface.This is accomplishedby dragginga“plug” iconontothechannelsbeing
used. After you dragtheicon, thenyou will beaskedto selectthetypeof instrumentbeing
used.

� Setuptheprogramto makea tablerecordingtheamountof timeeachphotogateis blocked.

� Hit the“REC” buttonto initiate datarecording.
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� Sendan air cart throughboth photogates.Eachtable will show the amountof time the
photogatewasblockedwhentheair cartpassedthrough.

� Thespeedof theair cartthrougheachphotogateis givenby

speed� flagsize
photogateblockedtime


 (B.1)

B.3 Photogatetiming of picket fencevelocity

� StarttheScience Workshop softwareon thecomputer.

� Let thecomputerknow thatyou areplugginga photogateinto oneof thedigital plug-inson
thePasco700interfaceandthatthephotogatewill beusedwith apicket fence.

� Setuptheprogramto makebothagraphof velocityversustime. Do thisby draggingagraph
iconontotheplugyouareusingfor thephotogate.

� Tell thecomputerto startrecording.It only will startmeasuringdatawhenthephotogateis
blocked.

� Hangthepicket fencejust above thephotogateandthendropit through.

� Hit thestopbuttonon thecomputerto stoprecording.

� In thevelocitygraphwindow, isolate(box it in usingthemousecontrolof thecomputer)the
partof thedatawherethepicket fenceis passingthroughthegate.

� Use the statisticmenu( ¾ button) to perform a regressionanalysisof the velocity versus
time data.This will producea straightline fit to your data.Theslopeof thefit is your best
estimatefor theaccelerationof thepicket fenceasit droppedthroughthephotogate.

B.4 Pulley wheeltiming

� Selectthesciencesoftwarepackagefrom thewindowsmenu.

� In theScienceworkshopdisplay, dragananalogplug into theplug-in that thesmartpulley
to which thesmartpulley is attached.You will beaskedwhat typeof probeyou areusing
andyoushouldchoosethe10-spokesmartpulley.

� Drag a graphicon on top of the plug-in you areusing. You will be asked what shouldbe
plotted.Choosevelocity versustime.
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� Datarecordingcommencesafteryouclick onthe“REC” buttonandthepulley wheelbegins
to turn.

� Stoprecordingby hitting the“STOP” button.

� Youshouldnow haveavelocityversustimegraph.Choosethe ¾ buttonto analyzethegraph
data.

� Selecttheregressionfit to performastraightline fit (correspondingto constantacceleration)
to thedata.

� Thefit maynotbegoodbecausesomeof thepointswill correspondto whenmotionhasbeen
alteredby anobstruction.Usethemouseto box thepartof thegraphdatawhich represents
unobstructedmotion.

� A new regressionfit shouldappearwhich shouldmatchthedatawell in the boxed region.
Thesoftwarealsoevaluatestheslopeof the regressionfit. This slopeis your resultfor the
acceleration.


