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Systematic Study of Bouncing Proj ectiles

Goals of this project: This projects focuses on a collison sysem where atennis
ball and basketball, on one another respectively, are released at the same time from a
certain height in such away that the tennis bal will bounce off the basketbdl with a
much greater velocity. The god of this project isto observe if the energy in thissystem s
conserved by graphing the positions of atennis bal and basketbdl and then fitting aline
through it to obtain its velocity. Asde from the physics, an artistic god isto try to obtain
aqudity picture of the tennis bal and basketbal during the collison so that deformation
in each of the balsis present.

Theory: Energy of the system before the collision is 4m+my,)V2. Energy of the
system after the collision is ¥nw? + Y. m the mass of the tennis ball. myisthe
mass of the basketball. v istheinitid velocity of the tennis ball or basketbal and v isthe
fina velodity. If energy is conserved then these two values are equd. At initid glanceit
does not ook like the energy is conserved because the tennis ball shoots out at a

tremendous amount of speed.



Equipment: | had collected various amounts of equipment to carry out this
project. | obtained a basketball and tennis ball. Alternative lighting was used o that |
could increase the shutter speed on my camera. A black backdrop was used so that the
light hit only the two balls. The camera that was used to take pictures was a Cannon
Optura motion picture camera that was standing on atripod. | also used Microtools,
Adobe Premiere, Video Point, and Graphica Andysisto obtain and andyze my pictures.

Procedures: | found a spot to conduct my experiment. | found a black backdrop
and drung it on the wall hooks of the lab. | took severd pictures of a colliding basketball
and tennis bal with the Optura. The camerawas 5.1 meters away from the subject. All
the pictures were taken with an exposure of -8 and a shutter speed of 1/30 second. | had
3-4 collisons that seemed like the tennis bal shot straight up instead of a an angle. The
tennis ball was 6.5cm in diameter and the basketbal was 23.5 cm in diameter. (see setup
diagram 1.1 & 1.2) | took severd pictures of acolliding basketbal and tennis ball with
the Optura. | uploaded the video and found that | made an unfortunate mistake. |1 knew
that the shutter speed of 1/30 second would not be quick enough to capture a high-speed
collison like thisbut yet | overlooked that fact.

So | took a guess and increased the shutter speed to 1/500 second and also added
one dternate lighting source. The clips came out pretty nice but there was a shadow
effect to the left because | placed the lighting source on the right Sde. Despite the shady
pictures, the pogition of the balls was discrete. | was able to plot the positions of the balls
using Video Point. Then | later plotted a graph of the y-vaues, height, versustime using
Graphicd Andysis and fit aquadratic lineto it. | found out that there were not enough

data points.



| took more shots of my bouncing balls. Thistime| laid the cameraonits Sde so
that | would so | would have alonger vertica view rather than ahorizonta view. This
would enable me to get more frames of the tennisbal. | dso added another light source
to increase the exposure and reduce the shadowing effect. (seediagram 1.1 and 1.2) |
uploaded the clips and cut out the clips that were usable. Thistime, just as | predicted, |
got more frames of the tennis ball &fter the collison. The only inconvenienceisthat | had
to turn my head side ways in order to view the dropping effect.

| used Video Point and Gragphicd Analysisto anayze these dlipsdso. | andyzed
the numbers and decided to depend on this clip to give me the answer to my god
question.

Data:

Basketbal before the collison:

Video Trid: 2, 3

Origind Clip: Bounce2.2.avi, Bounce 3.2.avi
Video Point: 2.2.VPT, 3.2.VPT

Graphical Andysis. bb2.2, 3.2b

Tennis bal before the collison:

Video Trid: 2, 3

Origind Clip: Bounce2.2.avi, Bounce 3.2.avi
Video Point: 2.2.VPT, 3.2VPT

Graphical Andlyss: bt2.2, 3.2t

Basketbdll after the collison:

Video Trid: 3,3

Origind Clip: Bounce3.4.avi, Bounce 3.2.avi
Video Point: 3.4.VPT, 3.2VPT

Graphicd Andyss a3.4, 3.2b

Tennis bal after the collison:

Video Trid: 3,3

Origind Clip: Bounce3.4.avi, Bounce 3.2.avi
Video Point: 3.4.VPT, 3.2VPT

Graphicd Andyss a3.4, 3.2t



Analysis:
YAMumVe = Ymv® + Yy
Linear Regresion: distance = A + Bt + CP
Firg derivetive: velocity = B + 2Ct
Time was the point right before and after the collison.

Cdculation Trid 1

Vi = -3.9006MmV/s + 2 (-3.9216m/s?)(.135s) = -4.959432m/s
Vi = -3.6323m/s + 2 (-4.926m/s?)(.1359) = -4.962482m/s

Vb= 6.7297m/s + 2 ( -5.3556m/s%)(.335s)= 3.141448m/s

Vir = 10.691mV/s + 2 ( -3.8818m/s%)(.335s)= 8.090194m/s

14(.0622kg) + (.5939k0)](24.61m/s)* = ¥4.0622k()(65.45m/s)* + 14.5939kg)(9.87m/s)?
16.146 J=9.932J

(9.932 — 16.146) / (9.932 + 16.146) * 100 = -23.82 % difference

Analysis: Theinitia velocities of the two balls are equa to the nearest hundredth.

Also thereis sgnificant difference in the velocity of the tennisbdl.

Cdculation Trid 2

Vi = -2.5814m/s + 2 (-4.6557m/s°)(.2683s) = -5.07mV/s

Vi = -2.57515m/s + 2 (-4.6384m/s%)(.2683s) = -5.06m/s

Vpr= 8.9655m/s + 2 ( -8.5093m/s?)(.335s)= 3.2642m/s

Vir = 13.706m/s + 2 ( -7.5525m/s%)(.335s)= 8.645825m/s

1H.0622kg) + (.5939kQ)](25.654m/s)* = 14.0622k()(74.75m/s)” + %5939kg) (10.65m/s)”
16.825J = 10.974J

(10.974 — 16.825)/ (10.974 + 16.825) * 100 = -21.04 % difference



Analysis. Theresults are very smilar to thosein trid one. Theinitid veocities of
both bals are dmost the same asin trid one. The energy aso comes out very smilar to
the vduesintrid one.

Discussion:  Theresultsreved many interesting points. Theinitia energy and
final energy does not match up. This means that we must have lost energy somewhere
during the collison. Therma energy and sound energy must have been present during the
time of the collison. Although the measurements, when compared, came out redly close,
there was alot of room for error. Some possible sources of error are the inaccuracy of
human measurement, the imperfect alignment of the balls as they dropped, and overal
the collison did not take place in an ided Stuation. It seemsthat my results are
consgtent with theory in a sense that some of the energy after the collision became
thermal and sound energy.

Concluson: My results show that in this collison about 22% of the energy is
lost to therma and sound energy. | thought that energy was not conserved at the
beginning because of the tennis ball shooting out faster than itsinitial velocity. Now | see
that actudly energy islogt after the collison to therma and sound energy. The gods of

this project were appropriately met.



