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

Question 1 Suppose a ball is dropped onto a spring. Describe any changes you would expect in the ballÕs
kinetic energy, from the instant it contacts the spring to the instant it leaves the spring again (ideally, that is,
with no friction and no air resistance). With this in mind, what does a spring (or any other springy thing) do?

Question 2 Suppose a ball is dropped into a sandbox. Contrast the behaviors of the sandbox and the spring,
paying special attention to energy transformations.

Question 3 Any time we talk about fundamental conservation laws we must be careful about what system we
consider. If we consider the air in a balloon, for instance, the energy of each molecule is certainly not
conserved, as each is affected by the others. But if our ÒsystemÓ is all the air, and the balloon-plus-contents
are isolated from the surroundings, then forces between molecules internal to the system are irrelevant and
the systemÕs total energy is conserved. Consider as a system simply two balls colliding, unaffected by their
surroundings. Might internal forces, forces between the balls, change the systemÕs total momentum? the
systemÕs kinetic energy? (Careful! This says kinetic energy.) If not, why not? If so, give an example.
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CONSERVATION OF MOMENTUM AND ENERGY
APPARATUS: Two carts on track, motion sensors, electronic scale.

This being your first ÒrealÓ lab, it is good to note some guidelines about the sorts of general comments
appropriate in a lab report: What did you learn? Do you think the apparatus and/or your use of it were equal
to the task of demonstrating what you hoped to demonstrate? Why or why not? What did you think of the
lab? Above all, you should record all relevant observations that occur to you, even if not explicitly requested,
in whatever part of the lab they may arise, and discuss how they might bear on your conclusions.

BACKGROUND
The momentum of an object is given by:

p = m v
where v is the objectÕs speed and m its mass. Its energy of motionÑkinetic energyÑis:

K = 12  m v 2

In todayÕs lab we study momentum and kinetic energy in several kinds of collisions between two carts whose
motion is monitored via
motion sensors, as
shown in the figure.
(The work by bouncing
ultrasonic pulses off the
carts.) The velocity of
the lighter cart, Cart 1, is
recorded as v1, and that
of the heavier, Cart 2, is
v2.

A Preparation
Before doing anything with the carts, note that they are delicate; their low-friction properties will be
destroyed if they are roughly handled. Be very careful! Also, never lean on the track. It may seem strong to
you, but it isnÕt difficult to warp it, even inadvertently, enough to detract from the cartsÕ smooth motion.

Weigh each cart on the electronic scale. Note: While the heavier cart can be set down with its wheels up,
off the ground, the lighter cart cannot. It is not safe to set it down on any smooth surface except the track.
When you place it on the scale, do it in such a way that it doesnÕt roll! The scale should already be zeroed,
but you should check to make sure.

To simplify matters, weÕll choose our mass units today so that the lighter cartÕs mass is defined as 1; the
heavier cartÕs mass should then be somewhere between 1.50 and 2.50. Make a table like the one shown, and
record in it both cartsÕ masses in grams and in our units (to
three significant figures). Henceforth, all observations and
calculations will be in Òour units.Ó

The wood block should be about two-thirds the trackÕs
length from the support rod. When it is, level the track by
placing the bubble level on it and adjusting the track support.
Make sure that motion sensor 1, on the wood block end, is
plugged into ports 1 (yellow plug) and 2 (black plug) of the interface box, and motion sensor 2, on the
support rod end, into ports 3 (yellow) and 4 (black). Throughout the experiment Cart 1 should be nearer
motion sensor 1 and Cart 2 nearer sensor 2. Never should you swap the cartÕs positions on the track. In cases
when Cart 2 strikes a stationary Cart 1, the initial motion will simply be in the negative direction.

Mass g Our units

Cart 1 (lighter) 1.00
Cart 2 (heavier)
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The program we use is Data Studio. When the time comes youÕll begin data recording either by holding
down the  key while hitting the R key or by clicking the ÒStartÓ button in the upper left of the screen.
During recording you will hear a regular popping noise from the motion sensors. To stop data recording
either hold down the  key while hitting the period key or click the ÒStopÓ (formerly the ÒStartÓ) button.
Sometimes it will be helpful to have the plots fill the display area after a data run, which you can do by

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

ÒPrint...Ó or by holding down the  key while hitting the P key.
Now open the computer file ÒConservation Laws.Ó The computer doesnÕt know your cartsÕ

massesÑyou have to tell it. Click the ÒCalculateÓ button below the menubar, then via the  button to the

right of the text box go to the line ÒP = 1.00*v1+1.25*v2Ó. This is the total momentum of the two carts, in
the computerÕs language, and the only thing wrong with it is that your heavier cartÕs mass is almost certainly

not 1.25. Change this (and only this!) to your actual value, then, as it says, hit Accept. Next, with the 

button move in the popup menu to the computerÕs way of calculating the total kinetic energy, K = (1/2) *
1.00 * v1^2 + (1/2) * 1.25 * v2^2. Similarly modify this, hitting Accept to record the change. Afterward,
close the Calculator window.

B Taking Data
1. Springy: v2 = 0
YouÕre almost ready for a data run. HereÕs the procedure, requiring teamwork: While one lab partner stands
ready at the keyboard, another places Cart 2 at rest near the trackÕs center, with its magnet end facing Cart 1,
and backs Cart 1 up to about a foot from its motion sensor. After the collision it will be essential to stop the
carts gently with your hands before they hit the motion sensors. But this is not the only thing requiring
alertness: The partner at the computer needs to start and stop the recording at the appropriate times, or the
data will be so cluttered with junk that it will be almost impossible to interpret. HereÕs the crucial sequence of
events: Someone at the track gives Cart 1 a quick push toward Cart 2. Just after this, the partner at the
keyboard starts recording, and then stops recording before the waiting hands go in to stop the carts.

With the sequence of events etched in your minds, carry out your data run. If it doesnÕt look right, you
can as always repeat the run. The new data is recorded as ÒRun 2,Ó shown in the plot legend, and the old is
stored hidden, though retrievable via the Data button, as ÒRun 1.Ó (To retrieve multiple over-and-under
plots, itÕs necessary to click each plot and use the Data button.) In particular, if v1 is too small (< 0.4m/s) or
too large (> 0.7m/s), youÕll probably want to repeat. A sure sign that the speed is too high is if you here a
metallic ÒclickÓ at the collision. This means that the magnets got 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
location if necessary.

Before analyzing your data, itÕs important to note that meaning can often be obscured by a confusing
plot range. For your P plot, a range from a min. of -1.5 to a max. of 1.5 should cover all likely momentum
values in the entire lab and should make interpretation fairly easy. You can restore this range easily at any
time by just dragging the numerical values on the vertical axis up or down. The horizontal axis can also be
ÒgrabbedÓ near the vertical axis and moved up or down. For your K plot, a range from -0.01 to 0.55 should
cover all likely energy values.

When youÕre satisfied with your data and the plot ranges, print your plots. As soon as you retrieve the
printout, distinguish it from later ones by labeling it with a ÒSpringy, v2 = 0Ó across the top. At this point,
you may wish to skip ahead to Part C and analyze your data. Otherwise...
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2. Springy: v1 = 0
Here, do everything just as you did before, except placing Cart 1 stationary near the trackÕs center, moving
the heavy Cart 2 to a point near its end of the track, and giving it a push toward Cart 1. Repeat the procedure
the same way, again making a printout and labeling it ÒSpringy, v1 = 0Ó.

3. Sticky: v2 = 0
Replace the heavy cartÕs magnetic bumper with a Òsticky bumperÓ. Carry out a data run the same as your
first, in which a moving Cart 1 hits stationary Cart 2. The carts should stick together. Try again if they donÕt.
When youÕre satisfied with the data, make a printout, labeling it ÒSticky, v2 = 0Ó.

4. Sticky: v1 = 0
Have Cart 2 stick to stationary Cart 1. Label your printout ÒSticky, v1 = 0Ó

C Analysis
Question C1: For each of your collisions, according to your data, when, generally speaking, was
momentum conserved (before? during? after?), and when was kinetic energy conserved, and are these
results what you would expect? Explain.

Initial and Final Experimental Values
LetÕs compare experiment and theory quantitatively, but in order to save time, weÕll do it for only two of
your four collisions. In all collisions, one of the carts had an initial velocity of zero. For one of your two
springy collisions and one of your two sticky collisions, determine the other initial velocities. (You can
redisplay any data run via a menu choice at the bottom of the ÒExperimentÓ menu, and your printouts

should show the proper data run numbers.) Do this with the x-y  tool. Click once, then move the cursor

into the appropriate plotÑeither v1 or v2Ñso that the faint horizontal line is at about the level of the velocity
before the collision. Record to three significant figures the value that appears along the vertical axis. While
youÕre at it, determine by the same procedure the final velocities, as well as your experimental values for P
and K both before and after the collisions. When youÕre done, you should have recorded eight experimental
values, v1i, v2i, v1f, v2f, Pi, Pf, Ki and Kf for two of your four collisions.

The Theory
Assuming that your initial velocities v1i and v2i (and of course your masses) are correct, what should v1i, v2i,
v1f, v2f, Pi, Pf, Ki and Kf  be for the two collisions you are analyzing? YouÕre pretty much on your own now,
but in answering this question, it should be helpful to ask yourself the following: Under what circumstance
should momentum be conserved? should kinetic energy be conserved? Are you assuming something should
be conserved when it really shouldnÕt? Can you calculate what something should be even if it isnÕt
conserved?

Show your calculations, explaining the assumptions upon which they are based, and record your
experimental and theoretical values in an organized (tabular) manner. (It may save time to apportion
calculations for different collisions to different group members, while comparing ideas and notes along the
way.)

Question C2: Calculate the percent error ⎝⎛ ⎠⎞
exp!-!theo

theo
!100%   between your final experimental and

theoretical total momenta Pf. Do the same for your final experimental and theoretical kinetic energies Kf.
Discuss intelligently plausible reasons for any discrepancies.

D Additional Questions
Question D1: Why was it necessary to level the track? That is, qualitatively what could have Ògone
wrongÓ with the data if it hadnÕt been level?

Question D2: Did your data show evidence of friction? If so, in what way?


