CONSERVATION OF MOMENTUM AND ENERGY
PRELAB

Turn in this page to your lab instructor as you enter the lab room

Question 1 Supposea ball is droppedonto a spring. Describeany changesyou would expectin the ballOs
kinetic energy,from the instantit contactsthe spring to the instantit leavesthe spring again (ideally, that is,
with no friction andno air resistance)With this in mind, what doesa spring (or any otherspringything) do?

Question 2 Supposea ball is droppedinto a sandbox.Contrastthe behaviorsof the sandboxand the spring,
paying specialattentionto energytransformations.

Question 3 Any time we talk aboutfundamentakonservationaws we must be careful about what systemwe
consider.If we considerthe air in a balloon, for instance,the energyof eachmoleculeis certainly not
conservedaseachis affectedby the others.But if our Osystem@s all the air, and the balloon-plus-contents
areisolatedfrom the surroundingsthen forces betweenmoleculesinternal to the systemare irrelevantand
the systemOtotal energyis conservedConsideras a systemsimply two balls colliding, unaffectedby their
surroundings Might internal forces, forces betweenthe balls, changethe systemO#otal momentum?the
systemOkinetic energy?Careful! This sayskinetic energy.)If not, why not?If so, give anexample.
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CONSERVATION OF MOMENTUM AND ENERGY

APPARATUS: Two cartson track, motion sensorselectronicscale.

This being your first Oreal®ab, it is goodto note some guidelinesabout the sorts of generalcomments
appropriaten a lab report: What did you learn?Do you think the apparatusand/oryour useof it wereequal
to the task of demonstratingvhat you hopedto demonstrate®hy or why not? What did you think of the
lab? Above all, you shouldrecordall relevantobservationghat occurto you, evenif not explicitly requested,
in whateverpart of the lab they may arise,and discusshow they might bearon your conclusions.

BACKGROUND
The momentumof an objectis given by:

p=myv

wherev is the objectOspeedandm its mass.lts energyof motionNkinetic energyNis:

K= % mv?2
In todayO#ab we study momentumand kinetic energyin severalkinds of collisions betweentwo cartswhose
motion is monitoredvia positive direction
motion sensors, as motion motion
shown in the figure. Cart 1 . Cart 2
(The work by bouncing sensor 1 (lia ht) magnetic (h:av ) sensor 2
ultrasonicpulsesoff the (ports 1&2) 8 bumpers y (ports 3&4)
carts.) The velocity of \
the lighter cart, Cart1, is [H
recordedasv;, and that
ek . track O
of the heavier,Cart 2, is wood block | | support hole

V.

A Preparation
Before doing anything with the carts, note that they are delicate;their low-friction propertieswill be
destroyedf they areroughly handled.Be very careful! Also, neverlean on the track. It may seemstrongto
you, butit isnOdifficult to warpit, eveninadvertently,enoughto detractfrom the carts@moothmotion.
Weigh eachcarton the electronicscale.Note: While the heaviercart can be setdown with its wheelsup,
off the ground, the lighter cart cannot. It is not safe to set it down on any smooth surface except the track.
Whenyou placeit on the scale,do it in sucha way that it doesnOtoll! The scaleshould alreadybe zeroed,
but you shouldcheckto makesure. .
To simplify mattersweOllchooseour massunits today so that the lighter cartOsnassis defined as1; the
heaviercartOsnassshouldthenbe somewherédetweenl.50and 2.50. Make a table like the one shown,and
recordin it both cartsGnassesn gramsand in our units (to

three significant figures). Henceforth, all observationsand

calculationswill bein Oourunits.O ) Mass 9 Our units
The wood block should be about two-thirds the trackOs | cart1 (lighter) 1.00

length from the supportrod. When it is, level the track by _

placingthe bubblelevel on it and adjustingthe track support. Cart2 (heavier)

Make sure that motion sensorl, on the wood block end, is
pluggedinto ports 1 (yellow plug) and 2 (black plug) of the interface box, and motion sensor2, on the
supportrod end, into ports 3 (yellow) and 4 (black). Throughoutthe experimentCart 1 should be nearer
motion sensorl and Cart 2 nearersensor2. Never shouldyou swapthe cartOpositionson the track. In cases
whenCart 2 strikesa stationaryCart 1, the initial motionwill simply be in the negativedirection.
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The programwe useis Data Studio. Whenthe time comesyouOllbegin datarecording either by holding

down the 38 key while hitting the R key or by clicking the OStart®utton in the upperleft of the screen.
During recordingyou will heara regular popping noise from the motion sensors.To stop datarecording

eitherhold down the 38 key while hitting the periodkey or click the OStopO(formerly the OStartOYutton.
Sometimest will be helpful to havethe plotsfill the display areaafter a datarun, which you can do by

clicking the scale-to-fit button '—_| near the upper left. Print plots either by the File Menu command

OPrint...®@r by holding down the 38 key while hitting the P key.
Now open the computer file OConservatiorLaws.O The computer doesnOtknow your cartsO

massesNyouhaveto tell it. Click the OCalculateButton below the menubar,then via the [B button to the

right of the text box go to the line OP= 1.00*v1+1.25*v2OThis is the total momentumof the two carts,in
the computerOsnguageandthe only thing wrong with it is that your heaviercartOsnassis almostcertainly

not 1.25. Changethis (and only this!) to your actualvalue,then, asit says,hit Accept. Next, with the

buttonmovein the popup menuto the computerOsvay of calculatingthe total kinetic energy,K = (1/2) *
1.00* vin2 + (1/2) * 1.25* v2”2. Similarly modify this, hitting Accept to recordthe change.Afterward,
closethe Calculatorwindow.

Taking Data

1. Springy: v2 = 0 .

YouOreilmost readyfor a datarun. HereOghe procedure,requiring teamwork: While one lab partner stands
readyat the keyboard,anotherplacesCart 2 at restnearthe trackOgenter, with its magnetend facing Cart 1,

andbacksCart 1 up to abouta foot from its motion sensor.After the collision it will be essentiako stop the

cartsgently with your hands before they hit the motion sensors.But this is not the only thing requiring
alertnessThe partnerat the computerneedsto startand stop the recordingat the appropriatetimes, or the

datawill be so clutteredwith junk thatit will be almostimpossibleto interpret.HereOshe crucial sequenceof

events:Someoneat the track gives Cart 1 a quick pushtoward Cart 2. Justafter this, the partnerat the

keyboardstartsrecording,and then stopsrecordingbefore the waiting handsgo in to stopthe carts.

With the sequencef eventsetchedin your minds, carry out your datarun. If it doesnOlook right, you
canasalwaysrepeatthe run. The new datais recordedasORunZ O shownin the plot legend,and the old is
storedhidden, though retrievablevia the Data button, as ORun 1.0 (To retrieve multiple over-and-under
plots, itOsecessaryo click eachplot andusethe Data button. ) In particular,if v1 is too small (< 0.4m/s)or
too large (> 0.7m/s),youOllprobably wantto repeat.A suresign that the speedis too high is if you herea
metallic OclickCat the collision. This meansthat the magnetsgot too close. Above all, your velocity plots
should each show two smooth plateaus (initial and final) connected by a smooth, if rapid, transition. If they
do, everything from here on should work great! If not, repeat your data run until they do! Vary the collision
locationif necessary.

Before analyzingyour data, |tOS|mportantto note that meaning can often be obscured by a confusing
plot range. For your P plot, a rangefrom a min. of -1.5 to a max. of 1.5 should cover all likely momentum
valuesin the entire lab and should makeinterpretationfairly easy.You canrestorethis rangeeasily at any
time by just draggingthe numerical valueson the vertical axis up or down. The horizontal axis can also be
Ograbbedfearthe vertical axis and movedup or down. For your K plot, a rangefrom -0.01to 0.55 should
coverall likely energyvalues.

When youOresatisfiedwith your dataand the plot ranges,print your plots. As soonasyou retrieve the
printout, distinguishit from later onesby labeling it with a OSpringy,v2 = 00 acrossthe top. At this point,
you may wish to skip aheadto PartC andanalyzeyour data.Otherwise...
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2. Springy: vy =0 .

Here,do everythingjust as you did before, exceptplacing Cart 1 stationarynearthe trackOsenter,moving
the heavyCart2 to a point nearits endof thetrack andgiving it a pushtoward Cart 1. Repeatthe procedure
the sameway, againmaking a printout and labelingit OSpringyy1 = 00.

3. Sticky: v =0

Replacethe heavycartOsnagnetlcbumperW|th a Osticky bumperQ.Carry out a datarun the sameasyour
first, in which a moving Cart1 hits stationaryCart2. The cartsshouldstick together.Try againif they donOt.
WhenyouOresaUsﬁedWlth the data,makea printout, labelingit OStickyy2 = 00.

4. Sticky: vy =0 . )
Have Cart 2 stick to stationaryCart 1. Label your printout OSticky vl = 00

C Analysis

Question C1: For each of your collisions, accordingto your data, when, generally speaking,was
momentumconservedbefore?during? after?),and when waskinetic energy conservedand are these
resultswhat you would expect?Explain.

Initial and Final Experimental Values

LetOsompareexperimentand theory quantitatively,but in orderto savetime, weOlldo it for only two of
your four collisions. In all collisions, one of the cartshad an initial velocity of zero. For one of your two
springy collisions and one of your two sticky collisions, determinethe other initial velocities. (You can
redisplayany datarun via a menu choice at the bottom of the OExperimentGnenu, and your printouts

shouldshowthe properdatarun numbers.)Do this with the x-y 3.,5“ tool. Click once,then move the cursor

into the appropriateplotNeither v; or voNso thatthe faint horizontalline is at aboutthe level of the velocity

beforethe collision. Recordto threesignificant figures the value that appearsalong the vertical axis. While

youOrat it, determineby the sameprocedurethe final velocities,aswell asyour experimentalvaluesfor P

andK both beforeand after the collisions. WhenyouOrealone, you should haverecordedeight experimental
valuesyyj, v2i, vif, vaf, Pi, Pr, K; and K¢ for two of your four collisions.

The Theory

Assumingthatyour initial velocitiesv;; andvy; (andof courseyour massesgre correct,what should vy;, v2;,
vif, v2f, Pi, P, KiandKy befor the two collisionsyou are analyzing?YouOreretty much on your own now,
but in answeringthis question,it shouldbe helpful to ask yourselfthe following: Underwhat circumstance
shouldmomentumbe conservedhouldkinetic energy be conservedre you assumingsomethingshould

be conservedwhen it really shouldnOtZan you calculate what somethingshould be even if it isnOt
conserved?

Show your calculations,explaining the assumptions upon which they are based, and record your
experimentaland theoretical valuesin an organized(tabular) manner. (It may savetime to apportion
calculationsfor different collisionsto different group memberswhile comparingideasand notesalong the
way.)

. 11 . .
Question C2: Calculatethe percenterror (%%?100% betweenyour final experimentaland

theoreticaltotal momentaPy. Do the samefor your final experimentalndtheoreticalkinetic energiesks.
Discussintelligently plausiblereasondor any discrepancies.

D Additional Questions

QuestionD1: Why was it necessaryto level the track? That is, qualitatively what could have Ogone
wrongOwith the dataif it hadnObeenlevel?

QuestionD2: Did your datashowevidenceof friction? If so,in whatway?
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