Physics 250 Laboratory:

Conservation of Momentum

Score: Section #:

Name:

Name:

Name:

Lab-Specific Goals:

¥ To examine the coesvation oflinear momentum during collisions

Equipment List:

¥ Photogate timef2 photogates)

¥ Air Track with twogliders (elastic and inelastic attachments)
¥ Flag on glides

¥ Ruler

Introduction and Pre-Lab Questions:

When objects collide, whether loconwats, shopping carts, or your foot and the sidewalk, the results
can be complicated. Yet even in the most chaotic of collisions, as long as there are no external force
acting on the colliding objects, one principle always holds and provides an exdetdnfor
understanding the dynamics of the collision. That principle is called the conservation of momentum.
For a twoeobject collision, momentum conservation is easily stated mathematically by the equation:

Pi=P;; (1)

where P; and P; are the combed momentums of the objectB € p; + p2) before and after the
collision. Given the definition of momentunp (= mv), write the conservation of momentum
equation for this collision of the two objects in terms of m and m (the masses of the two objects),
vii and v; (the velocities of the objects before the collision), apdaad v (the velocities of the
objects after the collision):

(2)
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While the momentum of the combined system (as l@ntjia a closed system, not interacting with
anything else) is conserved, the momentum of each object within the system is not conserved. The

change in momentum of each part of the system can be determined using the relationship between
Impulse and lineamomentum:

J=Fl't=Ip 3)
LetOs practiagsing these conceptgth a couple collisions:

Collision #1: A 0.20 kg glider moving at 3 m/s to the right collides with a 0.25 kg glider moving at 2
m/s to the right. They stick together and move 4in2/s to the right.

What was the initial momentum of the system of two gliders?

What was the final (after collision) momentum of the two gliders?

WhatOs the name for this special kind of collision?

Collision #2: A 0.20 kg glider moving atr/s to the right collides with a 0.25 kg glider moving at 2
m/s to the right. After the collision, the 0.2 kg glider is observed moving to the right at 2 m/s.

What is the predicted final velocity of the 0.25 kg glider?

If the collision lasted 0.%econds, what was the average force exerted during the collision?
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Procedure
In this experiment, you will verify the conservation of momentum in a collision of two airtrack gliders.

1. Set up the air track and photogates as shown in Figure 1, usingisuom the gliders to provide
an elastic collision. Carefully level the track.

Photogate, Photogate,

Glider, - ﬁ
e B e B
T = = 1

Figure 1: Equipment Setup

2. Measure nand m, the masses of the two gliders to be used in the collision. Record your results in
Table 1.

3. Measure and record;land L, thelength of the gliders (e.g., push gligénrough photogateand
measure the distance it travels from where the LED comes on to where it goes off again).

4. Set both Photogate Timers to GATE mode, and press the RESET buttons.

5. Place glider at rest betweerhé photogates. Give glidea push toward it. Record four time
measurements in Table 1 as follows:

t1i = The time that glideblocks photogatebefore the collision.
toi = the time that glideblocks photogatebefore the collision.
tir = the tme that glider blocks photogateafter the collision.

tor = the time that glidemlocks photogateafter the collision.

Record infinity (!) for the time if the object is not moving in this reference frame.

IMPORTANT: The collision must occur &t glider has passed completely through
photogate and, after the collision; the gliders must be fully separated before either [plider
interrupts a photogate.

NOTE: If you are using MED215A Photogate Timers, use the memory function to storg the
initial times while the final times are being measured. Immediately after the final timgs are
recorded, the gliders must be stopped to prevent them from triggering the photogate again dut
to rebounds. If not, have someone watching each photogate to recordidhd¢inmes befor

the glider passes back through the photogate.
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6. For each time that you measured, calculate the corresponding glider velocity. (e gk, M/ty;)
where the velocity is positive when the glider moves to the right and negative whareg ta the
left.

7. Use your measured values to calculatera p, the combined momentum of the gliders before and
after the collision. Record your results in the table

8. Repeat the experiment several times, varying the mass of one or both glidersyangdtiia initial
velocity of glideg and glider2 (i.e., do some experiments wigh=v0 and with y; ! 0). You may
need to practice a bit to coordinate the gliders so the collision takes place completely between th
photogates.

9. Use collisions with thelastic (rubber band) attachments and with the inelastic attachment. Be
careful with the inelastic attachment since the point is sharp.

Table 1: Data and Calculations

m; (noadded mass) = 2(moadded mass) =
L1 = 2 =L
my m; tii ti tir tor Vii Vai Vit Vaf pi Pr

(myviitmyvy) | (myvirtmavag)

For each of your runs, graph final momentum versus initial momentum on the graph paper provided on
the following page. Draw a line with slope = 1 to show the line of initiad¢fimomentum. Use a
circle for any data point with the elastic attachment and an X for data points using the inelastic
attachment.
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Final momentum versus Initial Momentum
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Analysis

1. Was momentum conserved in each of your collisions? Where there differences between elastic an
completely inelastic collisions? Discuss based on your values in Table 1 and your graph.

2. Is the error in your expenent dominated by random or systematic error? Justify your answer
based on your graph. Give a reasonable and specific explanation for a source of this largest error it
your experiment (note: Ohuman errorO is a meaningless phrase that should nevgr be used!

3. Why was it important to eliminate friction during the experiment using the air track? Is conservation
of momentum only something that happens in the absence of friction?

4. Suppose the air track was tilted during the experimé@fauld momentum of the system consisting
of the two gliders be conserved in the collision? Why or why not?
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