2-D Momentum Conservation

Saddleback College Physics Department

Purpose: To confirm tha linear momentumis conserved in two-dimensond collisons To
show tha kindic energy is nearly congerved in two-dimensond near-elastic collisons

Equipment:
collisonramp

2 steel bdlsaboutl cmin diameter (with approximately the same mass)
plumb line

meter stick

2 sheets of pgper for each lab patner, about70 cm squae

2 pieces of carbonpaper

Sketch:

In our present experiment, thebdlsundego aglancng collison (i.e. center of masses
misalignad) at the end of aramp and fall onto thefloor, where their impact postionsare marked
with carbon pgper as shown in thefigure bdow.
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Theory:

CONSERVATION OF MOMENTUM

In any collision, with no net externd forces acting on the system, linear momentumis
conzerved. A typical caseisshown in thefigure below, where theincoming bdl, 1, undegoesa
glandng collisonwith atarget bdl, whichisinitidly at rest. After thecollison, both bdls
moveoff at an angle to theorigind pah of bal 1. Notetha P, =0 and therefore is notshown

in figure 1 b ow.
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Figure 1.

Note that the vector sum of thefind momentais equd to theinitial momentum. Intheexample
drawn above thecollision occurs in a plane athough the method could be used to andyze a
smilar three-dimensond collison. Applying conservation of linear momentum to thesituation
described above usng the shown coordinate system, yields

P = le +P, I my,, = myv,,, +myv,, (1)
P, _P) 1, +P, 2, =™ My, =my, +m2Vy2, (2)

where P, and P, represent the corresponding x andy components of momentum. The

subgcripts 0 and 1 represent initial (i.e. beforethecollision) andfind (i.e. after thecollision)
respectively, and bdl 1istheincomingbdl whilebdl 2 isthetarget.

Asboth of thebdlsfall at the same rate and strike the pgper at the same time, the horizontal
distance they move (ther range will bepropotional to thevelodty of thebdlsin the planeof
thefloor. Multiplying this distance by the mass of each bdl will yield a number propationd to
the momentum.

If themasses are equd (m, = m, = m) then equéions (1) & (2) become

Y/

Xlo

= Vi, "'szf (3)

\Y Yy, (4)

vl = y



Since thereisnoacceleration in thehorizontal plane ! x=vt and Ax=d , where d = distance.
Solvingfor v gives

d
s (5)

Subgituting equation (5) into equaions(3) & (4)
dxlo Xmf de/

t t t
Redlizing thebdls all take thesametime, ¢, to fal yields
dy, = dxlf + dxzf (6)
d, =d, +d, (7)
or
in terms of vectors d, =d, +d, (8)

CONSERVATION OF KINETIC ENERGY
If thecollisionis pefectly elastic, then thekinetic energy, K, of the system is also conserved.

K.=K,,*+K,, 9

If themasses are equd (m, = m, = m) equédion (10) becomes

2 2 2
V=V T+, O (1D)

Using the same reasoning as for momentum conservation above equaion (11) becomes

dy =d,’ +d,’ (12
Procedure:
(a) Initial Set-Up

1. Thecollisionramp should be securely fastened to the edgeof thelab table. Adjud thetarget
bdl (bdl 2) suppot so tha the centers of both bdlsliein ahorizontal planewhen they
collide( a2-D collisonisdesired, nota 3-D collison).

2. Aligntheplumb lineso tha it hangsdirectly bdow the point of collision. Tapethepape
(no carbonpaper yet) to thefloor so that it is postioned as shown in figure 2. And mark the
postion of the plumb bobonthe pgper.

3. Placethetarge bdl (bdl 2) onits suppot. Place thesecondbdl ontheramp at the 10-cm
mark and releaseit. Note approximately where thetwo bdls strike the pgper. If either bdl
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misses the pgper, changethe angular adjusgment of thetarget suppot untl both strikein a
satisfactory postion.

4. Removethetarge bdl (bdl 2) fromits suppot and allow theinddent bdl (bdl 1) to leave
theedgeof theramp withoutacollision (still release it fromthe 10-cm mark!); it should
also strike the pgper. If it does not, either movethe pgper (and make anew plumb line
mark) or release bdl 1 from alower point ontheramp. Make sure tha theincadent bdl
(bdl 1) does not strike thetarget bal suppot screw asit leaves the ramp.

(b) Taking Data

1. Place apiece of carbonpape face down in the approximate postion tha thebdl 1 struck
thepgoe inpat 4 above Try to adjus the postion of thecarbon pgper so tha seconday
bounes of thebdl will notleave marks. Release thebdl (notarget bdl for this step) from
the 10-cm mark ontheramp 5 times, checking between trials to see tha clear marks are
being left unde the carbonpaper.

2. Placethetarget bdl (bdl 2) onit@ suppot andrelease bdl 1 fromthe 10 cm mark,
observing the approximate postion of where thetwo bdls strike the paper. Place a sheet of
carbonpagper at the postion of each strike, agan being careful to place the carbonpgoe so
tha seconday bounes will notleave marks.

3. Record the strike pogtion of thetwo bdls onthe paper for 5 collisons If thestrike points
onthepape are reasonably well clugered (say no more than afew cm spread) removethe
paper (replacing it with anew piece) and repeat steps 1 B3 of procedure (b) until each lab
patner has acomplete datasheet. Be sureto mark the postion of the plumb line (your
origin) on each data sheet and draw a set of axes with oneaxis parallel to the collision ramp!

4. Changetheangular postion of thetarget bdl, bdl 2, and repest the entire procedure (b). 1If
itisnecessary to release bdl 1 fromadifferent paint on thetrack, when changing the
angular postionfor bal 2, besureto release bdl 1 fromthis same point for al daaruns
doneduring this second hdf of the experiment.

5. Beforeleavingthelab, obtain theingructor@ signature on your data sheets. Each lab
patne should have 2 different completed data sheets with 5 sets of data on each.

Analysis:

(@
On each data sheet make a careful condruction of the vector sum usng the
paalelogram method, like tha shown bdow.




Youwill have to estimate themidde of each cluger, ignaing any points that are obvioudy in
error. Seconday boune marks can usudly bedistinguished because they are noticeably lighter
than truedaa pants.

In your conduson give the percent difference between the magnitudeof theinitial

momentum vector Iég10 and thevector sum of thefind momenta(F_’]f + F32f ), uthe average of

1310 and (1‘5]/ + }‘52/, ) inthedenominator of the percent difference equaion. As percent difference
is dimengonless, you can work in arbitrary momentum units, such as the distances measured on
thedaapage Inyourcondusonyou should aso give theangular difference between 1310 and

P, +P, . Repest theabovecalculationsfor your second deta shest.

(b)
Measure the magnitudeof each displacement vector, d, onthe data pages and use
equaion (12)
dy =d,’ +d,,’ (12)

where the d@ are the distances measured directly on the data sheets. In your condusion, give
the percent difference between theleft-hand and right-hand sides of egn (12) [where the
denominator isthe average of the left and right sides of eqn (12)].

Elementary Error Propagaton: (Note: This does notfulfill your error propagation
requirements!) Estimate theuncertainty ind, /d , takinginto accountthedifficulty in
estimating the middle of each cluster. Compare this uncertainty to thedifference between d, .’
and d,,” +d,,”. Repeat for yourseconddata sheet. It isnat necessary to estimate therandom
error or uncertainty for theangle measurements. Youdecideif your experimentis successful

based uponwhether Sd  is greater than, lessthan orequd to |(d,,* +d,,*)-d |



