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Explained effect of greater separation of photogates on conservation of P. £—"
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i. Correctly identified needed data. Y4
Explained why friction affects kinetic energy more than momentum. —
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Abstract

The experiment compared-the kinetic energies and momenta of the one-dimensional
motion of two g as examined on an ajr track before and after collision. TZ?vas for the
purpose of testing both the law of conservation of kinetic energy andﬁnoﬁfentum. In the first

v 4
thre¢ dases /4 C\f-l-he-expefmgm//” i

> M¥menta and kinetjc energies were established before and after

S,smaller mass of the target body and a larger mass for the
: Co “upn /Yl Calll1s0

target body with respect to the projectile glider mass. In the seeond-case, the kinetic energies and

momenta were established before and after collisions for }be/gliders subjected to inelastic

collision. The results obtained confirmed

i i in
URCETtAities of meastrement Readrr //&ﬂ} a2 X Farw 4«/4%/4;/5/
2// 5(/0,/ = an/ pp/h)’tm//
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Objectives
The main objective of this experiment was to test the conservation of kinetic energy and
the conservation of momentum.

The specific objgc‘lives of the experiment were:

> To measure the velocities of two air track gliders before and after they collide.
> To calculate the kinetic energies and momenta of the gliders before and after they collide.

e kinetic energies and momenta before and after collision.

Introduction and Theory
Momentum is only conserved when no net external force such as friction acts on the

system under investigation. This is demonstrated in Equation 1 and Equation 2 below.

dp d(mv) mdv

F=2="a ~ a @

While conducting the experiment, all net forces were minimized as much as possible.
Motion was also confined to one direction in this experiment to ensure vector notation is dropped
for the necessary calculations. Due to the elimination of external forces during the experiment,

Equation 3 was used to demonstrate the conservation of linear momentum before and after

collision.




Ps=mv,, + M2V = myvy, + MyVo0 =P, 3
Where:
™M, : the mass of the projectile glider.
m; : the mass of the target glider,
Vig: the velocity of the projectile glider before collisjon,
Via: the velocity of the projectile glider after collision.
Vag: the velocity of the target glider before collision,
Vaa: the velocity of the target glider after collision.
Pg: the momentum before collision.

Pa: the momentum after collision,

1
k= Emv2 ()]

1 1 it
Kp = 3 Mavp? tSmavyp? = ZMavi? + 3M2V24% = K, ®)




1%Diff (P)| < 2 (”P“P;P") X 100%
B

w
Equation %onﬂrmed when the inequality in-Equation 7-below i met.

oK, — K,
196DifF (0 < 2 ) x 100% @
B
W wz M
The uncertainty in momentum/'/propagated through equation p=mv ag Equation 8 below-

orm ) @ e ®

The uncertainty in kinetic energy is'propagated through equation k = %mv2 as Equation 9

below.

o= |(2) + (22) <k ©

The experiment investigated both elastic (kinetic energy is conserved) and inelastic (kinetic

energy is not conserved) collisions. Three hypotheses were also i i i e
experiment as tisted betow: / / /M/]L
wh
e

Hypothesis|1: Equation 5 holds for elastic collisions.

- Hypothesis 2: Equation 5 does not hold for inelastic collisions.
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y’. Hypothesis 3: Equation 3

Pryure

Photogate 1 :
Glider1 Glider2 Photogate 2
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Figurel: The experiment setup: ln-thc‘—air—tmek—useonéllder i

and
two photogates to measure and record the time for@ach gllder.passod—ame ¢ /,/ >
s g /5
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For the three near-elastic collisions: /(( 7';/(
Wlfé /’ (}Z//\ &f ///IJ/

J An the center of the track where the collision would occur, /alr track was levelled with the
4 Hse-thereét

target-glider-pesitioned. two fo%uppon under the air track whieh was adjusted

to raise one end of the track. In they ront/ghder there was a small, metal collider with a flat

hirt s>
metal blade in the lower hole. Smé’e—élfﬁ'ont’gﬁder ‘ﬂ!&mget—g{ider-dso—hmj a rubber-band /t// ,//”

inserted in to the lower hole in the adjacent end. After oll| the get glider started movy' /% 4
05 tefyt ﬂ4/c Wﬁ"‘—

because theé/';onf glider transferre, energy to the target glider.

T T

Two photogates were placed on the two sides of the gliders and as close as possible without

having either glider flag in a photogate and the épstone program recorded the data.

§lap
The target gliderfvas placed }{ 2cm before the second photogate witheut-the-flag-being-in

the gate before collision.



The front glider was given a hand push#for a velocity between 0.7m/s and 0.9 m/s when the

2
glider passed the first photogate. /& /// 5/ 4 ¢
§1%,, /44

Foréollisions 2 and 3, there-was two 0.05kg masses were added to the projectile and'target

glider respectivety: f,ﬂ Collsron 3

The measured values of momentum and kinetic energy before and after collision were

recorded in Tables 2,3 and 4 for collision 1, 2 and 3 respectively.

For the inelastic collision, after the first two steps of the procedure:

A collider with a nail was inserted into the lower hole in front of the projectile glider and
a collider with wax inserted in the lower hole in the adjacent end of the target glider. (An

eraser was used to smoothdyf the wax before every data-taking collision)

Both gliders with the attached colliders were weighed and the masses recorded in Table

]' //,ﬁ/

The measured values of momentum and kinetic energy before and after collision were

recorded in Tableé.



Data and analysis ‘/

Table 1 Glider masses -with attachment

[w/o.aookg [ =o
Projectile, m,, (kg) 0.1998 0.2998 0.0010
Target, m, (kg) 0.2006 0.3006 0.0010
Flag Length proj. (m) 0.1 0.0010
Flag Length Targ. (m) 0.1 0.0010
Time meas. (s) 0.0010
Table 2 collision 1: Equal masses - near elastic
Projectile Projectile ITarget |Target |To(al ]Total
Trial 1 | = 2 *o 1 o 2 g 1 o 2 o
Aty (s) 0.1221 0.0010 0.1388 0.0010
At (s) 0.1298 0.0010 0.1525 0.0010
vg (m/s) 0.8193 0.0106 0.7203 0.0089
v (m/s) 0.7703 0.0097 0.6556 0.0078
Ps (kg-m/s)| 0.1637 0.0023 0.1433 0.0019 0.1637 | 0.0023 [0.1439| 0.0019
0. (kg-m/s) 0.1545 0.0021 0.1315 0.0017 0.1545 | 0.0021 [0.1315| 0.0017
Ke (1) 0.0671 0.0019 0.0518 0.0014 0.0671 | 0.0019 |0.0518| 0.0014
KalJ) 0.0595 0.0015 0.0431 0.0011 0.0595 | 0.0015 [0.0431| 0.0011

Table 3 Collision 2: Smaller mass at rest - near elastic

Projectile +.1000kg | Projectile
Trial 1 o 2
Aty (s) 0.1160 0.0010 0.1227
I Aty (s) 0.7777| 0.0010 1.1694
v (m/s) 0.8613| 0.0114 0.8147|
va(m/s) 0.1286| 0.0013 0.0855
Ps (xg-m/s)| 0.2584 0.0036 0.2442
p. (kg-m/s)| 0.0386 0.0004 0.0256
Ky (J) 0.1114 0.0030 0.0663
Kald) 0.0025 0.0001 0.0007
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Considering the inequalities in Equation 10 below and fmding/i:(the smallest value of

absolute momentum percent difference for collision 2 obtained in Table 6:

[%Diff (P, - Py)| < 2%uncop, _p,, (10)

18.9968%< 2x71.29879

Hence the experimental data obtained supported Hypothesis 3. In the elastic collision,

the change in kinetic energy as a result of the collision should be zero within experimental

uncertainty.,

By equation 8 can get the %uncP, and YouncPy.

Then use equation 11 and 12 can get the Younc(Py — Py)

Younc (K — Ky) = Jeaka) , 1999, (11
Ok a~Kg) = VOPy* + gP,? (12)

For example the Collision2 Trial 1,

Younc (K, — K,) = ”(";;B"B) * 1009 =22 H00002 45, - 58.40029

For the collision2 Trial 2,

Nt

Yunc(K, — Kp) =

4 V0. R 2
";;B"B) *100% W *100% = 11152250



i

Collision] Trial 1- 11.2498%>2x3.6268%

Collision] Trial 2: 16.8262%>2x3.3851%
Collision2 Trial 1: 39.4779%<2x58.4002%
Collision2 Trial 2: 12.5875%<2x1] 1.5225%
Collision3 Trial 1: 28.6232%<2%66.5268%
Collision3 Trial 2: 46.198%<2x48.0804%

Hence Hypothesis 1 was not supported by the experimental data obtained.

In accordance with the inequality in Equation 7, the data obtained for the experiment on

collision 4 did not support Hypothesis 2 as quantified below:
Collision4 Trial 1: 56. 1312%<2x32.2380%
Collision4 Trial 2: 57.1357%<2x3] 4793%

The values obtained for the collision 4 indicate that momentum was not conserved after
i
the collision. This points to the presence of friction between the air track and the gliders since the

total momentum before collision should have equaled the total momentum after collision in a
system free of external forces. In Table 5, for the first trial of the collision, P4 for the projectile

was 0.0407 kg-m/s while that for the target glider was 0.0701kg-m/s. Py for the projectile glider

was 0.1429kg-m/s while that of the target glider was Okg-

m/s. A comparison of the two totals

before and after collision gave 0.1429kg-m/s and 0.1 108kg-m/s respectively which pointed to a

loss of momentum after collision.
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